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ABSTRACT

Computer programs are given for calculating the characteristic
currents and characteristic gain patterns of conducting bodies of
revolution, Also given are computer programs for using these char~
acteristic currents in aperture radiation and plane~wave scattering
problems. Plot programs for use with a Calcomp plotter are includec,

Operating procedures and program details are discussed, and sample

input-output data are given.
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I. INTRODUCTI1ON

The general theory and method of computation of characteristic modes
for conducting vodies of arbitrary shape is given in reference {i]}. The
notation of this report 1s consistent with that of {1], which should be re-
ferred to tor furcther i1dentification of the symbols used. The programs given

here are those usad for the numeri:al results presented in reference [1].

Six computer programs have been written. Thev are defined according

to their function:

1. Calculate the generalized impedance matrix 2

2. Calculate the characteristic currents (eigencurrents).

3. Plot the eigencurrents.

4, Cal-culate and plot the gain patterns of the eigencurrents

5. Calculate and plot T/AZ (scattering cross section divided by the
square of the wavelength) for an axially incident plane wave

6. Calculate and plet the gain pattern for radiation from an

axilally symmetric excitation.

These programs are discus.ed and listed in the next sixz sections (perating

instructions and sample input-output data are also given.

I1. GENERALIZED IMPEDANCE MATRIX

Program #1 calculates the elements of the generalized impedance matrax
for a body of revolutson, and is a slight modification of the computer program
appearing in Appendiz A of referenze [.]. The subroutine LINEQ and its call
statement &1 have been removed in order io obtain the generalized impedance
matrix £ instead of the generalized admittance matrix  Evcept for NPHI which
was taken to be 20 in all of our work, all the prnched casd data required by
program #1 is explzined in reference [2]. As on page 26 of refcrence (2],

punched - :rd data 1s cead early in the main program according to

50 B.AD(1,5:,END = 52) NN, NP, NPHI, BK
1 FORMAT (3i3, Ela.7)
READ(1,53) (RH(I), I
READ(1,53) (ZH(L), 1
53  FORMAT(10F8.4)

un

1, NP)
1, NP)

W

Ii



to

Here, BK is the propagation constant k = w/ie. An odd number NP of data
points are taken from the generating curve C of the body of revolution.
RH(I) and ZH(I) are respectively the distance p from the axis of the body
of revolution and the corresponding z coordinate at the Ith data point,

th

The first and NP~ data points are on the ends of C. If C closes upon

itself, care must be taken to make the coordinmates of the first data point
th

equal to those of the NP~ . Program #1 writes the NM2 by NM2 impadance
matrix
s _ [ stt ~t¢'i _
Z, = Zn Zn where n = NN (D)
zot 5¢¢
D n

on record 1 of direct access data set 6. NM2 is either NP-1 oxr NP~3 depend-

ing on whether ox not C closes upon itself., If NN = 0, zeros are supplied

for 2°% and 7Ee,
o )



I. INTRODUCTION

The general theory and method of computation of characteristic modes
for conducting bodies of arpitrary shape is given in reference ;1j. The
notation of this report 1s consistent with that of [1], which should be re-~
ferred to for further i1dentifi:ation oi the symbols used. The programs given

here are those used for thu numeri:.al results presented in reterence (1].

Six computer programs have heen written. They are defined according

to their function:

1. Calculate the generalized impedance matrix Z

2. Calculate the characteristic currents (eigencurrents).

3. Plot the eigencurrents.

4, Calzulate and plot the gain patterns of the eigencurrents.

5. Calculate and plot c/»z (scattering cross section divided by the
square of the wavelength) for an axially incident plane wave.

6. Calculate and plot the gain pattern for radiation from an

axially symmetric excitation.

These programs are discussed and listed in the next six sections  Operating

instructions and sample input-output data are also given.

II. GENERALIZED IMPEDANCE MATRIX

Program #1 calculates the elements of the generalized impedance matrix
for a body of revolution, and is a slight modification of the computer program
appearing in Appendix A of referenze [2]. The subroutine LINEQ and 1ts call
statement 81 have been removed in order to cbtain the generalized impedance
matrix Z instead of the generalized admittance matrix  Except for NFHI which
was taken to be 20 in 211 of our werk, all the punched card data required by
program #1 is explained in reference [2]. As on page 26 of reference [2],

punched card data 1g read early in the main program acccrding to

50 PEAD(1,51,END = 52) NN, NP, NPHI, BK
51  FORMAT (313, El4.7
READ (1,53) (RH(I), I = 1, NP)
READ(1,53) (ZH(I), I = 1, NP)
53  FORMAT(10F8.4)



Here, BK is the propagation constant k = w/ne. An odd number NP of data
points are taken from the generating curve C of the body of revolution.
RE(1) and ZH{I) are r1espectively the distance p from the axis of the bedy
ot revolution ard the corresponding z coordinate at the Ith data point.
The first and NPth data points are on the ends of C. I1f C closes upon
itself, care must be taken to make the coordinates of the first data point

equal to those of the NPth. Program #1 writes the NM2 by NM2 impedance

matrix
i o= 2t zho where n = NN )
n n n
QM QM
n n

on record 1 of direct access data set 6. NM2 is either NP-1 cr NP-3 depend-
ing on whether or not C closes upon itself, If NN = 0, zeros are supplied
for 2®t and 2t¢.
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Listing of Program #1

//

(0034 4EE+4,2) 4 *MAUTZ , JOE ' yMSGLEVEL=1

// EXEC FORTGCLGPARM.FORT=1MAP?S
//FORT,SYSIN DD %

50
51

53
76
54
55

46

56

58

57

COMPLEX A3,A4,Z11600).65(40),G(5292),U
DIMENSION RHI{43)+ZHI43),DH(43},TJ120)
DIMENSION SV(42),CV(42),25(42),R{42),ANG(40),AC{40Q),CSML120)
DIMENSIGN TP(80),T(80),TR{80),JK(4)
REWIND 6

U:(o"lb)

READ{1+51.END=52) NM,NP,NPHK] ,BK
FORMAT(313,E14.7)
READ(L1+53)tRH{T ) I=1,NP)
REAG(1:53)(ZH{1)-1=1,NP)
FORMAT(10F8.4)

WRITE{3,54) NH,NP,NPHI,BK
FORMAT(1X//' NN=1,13," NP=',13,% NPHI=!,]3,' BK=1,E164,7)
FORMAT(1X/t' RHY)

WRITE(3,455)
WRITE(3,46)(RHIT),I=1,NP)
FORMAT({1X,10F8.4)

WRITE(3,56)

FORMAT(IX/Y ZH')
WRITE(3,46){ZH{1),]1=1,NP)
IFCRH(L}~RH{NP) ) . NE.QoORL{IH(1)=2H(NP} ) NEQ.} GQ TO 58
RH{NP+1)=PH(2)

ZH(MP+1)=2H(2)

RH{NP+2)=RH(3)

ZH{NP+2)=7H(3)

NP=NP+2

DO 57 [=2,.NP

12=1~-1

RR1=RH(I)=-RH(I2)}

RR2=ZH{1)-IH(12)
DH{TI2)=SORT(RR1*RR1+RR2%RR2)
ZS(I2)=o5%(2H{T1)+ZH(12)}
R{12)=.5%(RH{I)+RH(12))
SVII23=RR1/DH{12)

CVII2)=RR2/DHI12}

CONTINUE

KG=NP-1

N=KG/2

NM=N-1

NM2=NM*2

NM4 =NM*4

NZ =NM2*NM2

NG=KGX*KG

MS5=NN+2

MoE=NN+4

FM=NN

EM2=NNXNN

PI1=3,141593

ETA=37¢6.707

DP=P1/NPHI

CA=BK%*BK*ETA

CQ=ETA

$S=0.

DO 117 T=14NM

[1=2%{I-1)+1

12=11+1

SS=S5SS+DH(T1}+DHI(12)



e

1]

COMPLEX Z(N2Z)
DIMENS1ON RH(NP), ZH(WP), U(NZ), R(NZ), T2(NZ),
A22(NZ), B(NZ), X(N2), A(NZ), Y(NZ), T3(NZ},
FI(NZ), EU(NM2), RU(NM2), AMD{NM2), LB(NM2),
MB(NM2)
where NM2 = WP - 3
NZ = NM2 * Nuf?

The above allocations ave based upon the value of NP after execution of

statement 145
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DO 13 K=),NPHI
K2=K+M4
GIM2)=G(M2)+GS(K)*CSM(K2}
13 CONTINUE
68 CONT INUF
17 CONTINUE
164 CONTINUE
DO 74 J=1,MM
J2=2%(J~-1)+1
J3=J2+1
Ja=J3+1
J5=J4+1
Je=4%{J=1)41
JT=J6+1
Je=47+1
J9=J8+1
DELL=DH(J2)}+DH(J3)
DEL2=DH(J4)+DH{J5)
TP{J6)=DH(J2)/DEL1L
TP(J7)=DH({J3)/DEL]
TP(J8)=~DH(J4)/DELZ
TP(J9)=-DH{J5)}/DEL2
TLJd63=DH(J2)*%DH(J2)/2./DEL}
T(J7)=DH{J3}*(DH(J2)+DH(J3) /2. }/DELY
T(J8i=DH{J4)=(DH{JI5)+DH(J4)/2.}/DEL2
T(J9)=DH(J5)*DH(J5)/2./DEL2
74 CONTINUE
DO 75 J=1,NM4
TR{J)I=T(J)
75 CONTINUE -
115 IF((ZH(L)=ZH{NP=2)).EQ.0. . AND.(RH{1)}=RH(NP-2)).F0.0.) GO TO 78
IF(RH({LY) T7,423,77
77 DEL1=DH(1)+DH(2)
TR{1)=DH?1)%(1.+{DH(2)+DH())/2.)}/DELL}
TR(2)=DBH{2}¥*{1,+DH(2}/2./DEL])
23 IF{RHI(NP)) 79,78,79
79 J1={N-2)%¥4+3
J2=J1+1
DEL2=DH(NP~-2)+DH(KG)
TRUJLI=DH{NP=2)%(1.+DH{NP-2)72./DEL2)
116 TR(J2)=DH{KG)*{1.+{DH(NP-2)+DH{KG)/2.)/DEL2)
78 DO 30 J=1sNM
JL=(J=-11%NM2
J3=t(J-1)%4
Ji=2%(J=-1)
neg 31 1=1,8M
Ll=JL+1!
L2=L1+NM
L3=NM=NM2+L 1
L4=L3+NM
2(L1)=0.
Z2iL2)=0.
7(L3)=0.
Z(L4)=0.
T1=2%(1-1)
13={1~-1)%*4
DO 70 dJ=1,4
J2=J1+Jd
JT7=J3+Jd4
DO 71 Il=1,4




2=11+11
J7=13+¢11
JAa=(U2=11¥KG+] 2
JS= Ja+NG
JO=35+NG6
SS=8VII2)%Svid?)
CC=CVII2)1%CVIJ2)

A= 8% (GlIA)+G U4
A4=,5%(GlI6)=GI4))

ZILL) =2 LI+ (CAXT (T T *T(JT )% (SSHABH+CCXG(ID) )-COXTP (17 )%TPIJT)*G(JS

1))>u

7UL2)=Z{L2)+CAXSVIJ2)#TRIT 7Y RT LI T )% A4~FM2CO=G (IS5 ) #TR(TITI%TP(JT ) /R

112)

ZILA)=Z L3 =CA=SVII2) XTI ) RTR (DT )AL+ FMXCORG LSS )V =TP{17)%TR(JT7 ) /R

1329

ZUILA)Y=Z (L4 +(CAZAB-FM2RCO/RIT2I/R(I2)%GLIS) I HTRITTIRTR(JT)*U

71 CONT[NUF
70 CONTINUE
31 CONTINUE
30 COMTINUE
WRITE(6)(Z(1),1=1,NZ)
BA FORMAT(1X,10G11.4)
JK(1)=1
JK(21=N
JK(3)=NM2%NM+1
JK{4)=dK(3)+NM

DO 93 J=1,4

Kl1=JK(J)

WRITE(3,24)
24 FORMATI(LIX/!
DO 92 I=1,Ni

K2=K1+NM-1
26 WRITE(3,88)(7(K),K=K1,K2)
K1=K1+NM2
92 CONTINUE
93 CONTINUE

J

2Z',11)

GO TO 50
52 STOP
END
/%
/761 FTO6F001 DD DSNAME=EE0034.REV],DISP=0LD,UNIT=2314, X
/7 VOLUME=SER=SU0004 ,DCB= (RECFM=V,BLKSTZE=1R00, LRECL=17961
/76G0.SYSIN DD *
1 21 20 0.3141593E+00 :
0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000
5.0000 5.5000 6.0000 5.5000 7.0000 7.5000 8.0000 R.5000 9.0000
10.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.(.% 0.0000 0.0000 0.0000 0.0000
0.0900 -
/%

/7

4,5000
9.5000

0.000C
0.0000
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111, EIGENCURRENTS

Program #2, which calculates the eigencurrents, accepts punched card

data according to

READ(1,7) NN, NP
7 FORMAT(213)
READ (1,39) (RE(I), I = 1, NP)
READ(1,39) (ZH(1), I = 1, NP)
39  FORMAT (1OF8.4)

The variables NN, NP, RH, and ZH have the same meaning as in program #1.
The generalized impedance matrix Z is read from the first record of direct

access data set 6 according to

REWIND 6 .
READ (6) (Z(I), I = 1, N2)

where NZ is either (NP-1)2 or (NP~3)2 depending on whether or not C closes
upon itself, Program #2 writes the eigencurrents on record 2 of direct

access data set 6.

The R and X in DO loop 1l are the matrices [R] and [X] appearing in
(2-25) of [1] computed from [Zn] of (2-47) of [1]. The matrix [X] is stored
columnwise, but the matrix [R] is stored according to the symmetric mode used
in the IBM System/360 Scientific Subroutine Package [4]. Statement 130 invokes
the eigenvalue and eigenvector subroutine EIGEN in the Scientific Subroutine
Package. The subroutine EIGEN puts the eigenvalues p of (2-26) of [1] ordered
By 2 Uy 2_;.. in the diagonal positions of R. The eigenvactors of the matrix
[R] will appear in U, It has been observed that the eigenvectors obtained
from EIGEN are normalized se that U is orthogonal in accordance with (2-26)
of [1]. DO loop 104 stores theiui in EU. DO loop 75 puts the matrix {XU]
appearing in (2-30) of [1] in T2. DO loop 78 puts the matrix [A] = [U X U] of
(2-30) of [1] in A, Upon exit from DO loop 70, JM is the dimension of the sub-
matrix [ull] in (2-28) of {1]. DO loop 737puts the submatrix [A22] appearing in

(2-30) of [1] in A22. Since MINV is the matrix inversion subroutine from fhe
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Scientific Subroutine Package [4], statement 128 inverts the matrix [AZZ]'
-1 - o X

DO loop 81 puts [A22] [Alz] in T3. DO loop 84 puts [AlZ][AZZ] [A12] in
B, using the symmetric mode of storage. Statement 129 finds the eigenvalues
and eigenvectors of the matrix [B] appearing in (2-36) of [1]. DO loop 107
puts the eigenvalues X of (2-36) of [1] in AMD, DO loop 91 puts [u;ilzy] of

(2-37) of (1] in T2. Upon exit from DO loop 93, the matrix

will be in T2.

The index J of DO loop 96 indicates the Jth eigencurrent, DO loop 98
puts the [I] of (2-37) of [1] in FI. Because fi(t) of (2-42) of [1] is de-
fined by (30) of [3], statements 143 and 144 have to divide the elements of
[I] by p in order to cbtain the sinusoidal components of the eigencurrents.
DO loop 137 sets the largest of these sinusoidal components equal tc unity.
At the time FI is printed, the eigencurrent (current per unit length) at
the(2*J+1)th data point is given by

ﬁt FI(J) + 3¢ FI (J+NM) NN = 0

?It FI(J) cos n¢ + u, FI(J+NM) sin n¢ NN

1}

5 n#0

When NN = n # 0, the alternate eigencurrent

>

Kt FI(J) sin ng - u, FI(J + M) cos ng

is also possible,

If NP > 41, some dimension statements must be changed, Minimum allo~

cations are given by
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COMPLEX Z{(WN2Z)
DIMENSION RH(NP}, ZH{(NP), U(NZ), R(NZ), T2(NZ),
A22(NZ), B(NZ), X(NZ2), A(NZ), Y(NZ), T3(NZ),
FI(NZ), EU(NM2), RU(NM2), AMD{NM2), LB(N¥M2),
MB(NM2)
where NM2 = NP - 3
NZ = NM2 * Ni?

The above allocations are based upon the value of NP after execution of

statement 145




Listing of Proyram 42

7/

[0G34EE42.2), "MAUTZ , JOE? yMSGLEVEL=1

// EXEC SSPCLG,PARM,FORT=MAP!
FIFORTLSYSEN DI x

39
490
T4

145
146

28
29

12
130

CUMPLEX 72(Y444),01,U2,U3

DIMENSTON RH(41),7H(41),U{1444),R({1464),T2(1444) ,A22(1444),B(1444)
DIMFNSTON X(1444),A{1444).Y(1444),T3(1444),FI(1444),EU(BB).RU(33)
DIMENSTION AMD(38).LR(38) ,MB{38)
FOUTVALENCE (R{LY2T2(1)43A22(1),B(1) )4 (X{1)2A(L)sY(1))
FOUTVALENCE (T3(1X.FILLY ), {EU(1),AMD(1))
READ( T 47) MM,MP

FORMAT(Z213)

WRITE(2,3) NN,NP

EORMAT('1 NN NP'/1X,213)
READ(1439)(RH(1),1=1,NP}
READ(1,39)(ZH{1),1=2,NP)

FORMAT(10F8.4)

WRITE(3,40)Y(RH(T),I=1,NP)
FORMAT{'ORH*/(1X,10F8.4))
WRITE(3,41)(ZH(T)1=1,NP)
FORMAT('O7H'/(1X,10F8.4))
TRF({RH{1)=RHINP)) .EG.0. . AND . {ZH(1)~2H(NP) ) ,EQ.0.) NP=NP+2
NM2=NP-3

NM=NM2 /2

NZ =NM22nMP

REWIND 6

READ(HI(Z(T)41=1,N7)

U3=(0»)1v)

S1=.25

[F{NN.E0,D) S1=.5

y2=S1*U3

J5=0

D11 J=1,NM2

J2=(J-1)%nM2

DO 12 I=1,J

J5=J5+1

J3=J2+1

Ja={1-1)*NM2+)) ,
IF{JeGT<NM.AND. T (LEJNM) GO TO 28
U1=S1*(7(33)+Z(J4))

60 T0 #9

U1=U2%(7(J4)-2(J3))

R(J5)=l1

X{Jd3)=AIMAG(UL)

X{d4)=Xx(.J3)

CONT INUE

CONTINUE

CALL EIGEN(R,U,NM2,0)}

J1=0

DO 104 J=1,NM2

Jil=J1l+J

FULIY=RUJL

RULJ)I=1./SORTIABRS(EU(I) D)

CONT ENUF

WRITE(3,141)(EU(J),J=),NM2)
FORMAT('OEIGENVALUES OF THE MATRIX R'/(1X,7E1].4))
Do 75 J=-1,0NM2

Jl={J~1)*%NNM2

D 76 I=1,NM2

J2=.J141

T20J2)=0,
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16
75

&0

79
18

70
12

74
73
178

83
82
81

d3=(1=~1)%NM2

DN 77 K=1,iM2
Kl=K+J3

K2=K+J1
T2132)=T2(02)+X (K1} *U(K2)
CUNTIMUF
CONTINUVE
CONTINUE

DO 78 J=1,NM2
J1=(J=-1)%NM2
0y 79 1=1,J
J2=J1+]1
AlJ2)=0.
J3=(1-1)2NM2
DO 80 K=1,NM2
K1=K+J3

K?2=K+J1
ACJ2)=A1J2)+U(K]1)=T2(K2)
CONTINUE
Ja=J3+.)
AlJ4)=a(42)
CONTINUF

CONT INUE
X2=EU{1)%*]1,E-03
DO 70 J=1,NM2
J=J-1
TF(EUCIY.LT.X2) GO TO 72
COMTINUE
JN=NM2 -~ M
JMl=JM+1

J1=0

DO 73 J=JM1,NN2
J2=(J=1 ) %NM2

DO T4 1<JM) 4NI2
Jl=J1+1

J3=J2+1
A22(J1)=A(J3})
CONTINUE

CONT INUE

CALL MINV(A22,JN.DsLByMR)
J1=0

DO 81 J=1,JM
J3=(J=1) M2+ M
DO 82 I=1,JN
J2=0 -1 )% N
JI=J1+1
T3(J1}=0,

PO 83 K=1,.N
K1=J2+K

K2=J3+K

T3(J1)=V3(J))I+A22(K1)*A(K2)

CONTINUE
CONT TNUE
CONTINUE
J2=0

DO 84 J=1,.IM
J3=(J-1)%NM2
J8-(J~1)%JN
DO 85 J=1,.
J2=J42+1
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Rh
R4
129

107

9?
91

95
g4
93

98
143
144

Jo=J3+1

plJ2)=A034)
JeE=(1=1)%M12+. M4

MY RE K=1,.0M

Kl=K+JA

K2=K+J5

B2 ) =R{EI2Y=A(KLI%T3 (K2}
COMTIMUE
R(J2)=R(J2)xPU{a}%RU(T)
CONT I MUF

CONT IMUF

CALL FIGEN(HR,Y,IM,D)
J1=0

) 107 J=l,JM

Ji=J1+d

A (J)=h{J1)

CURT INUE
VRITE(3,5%) (AMD(J) ,J=1,JM)
FORMAT(YOFEJTGENVALUES OF THE MATRIX RY/(1X,5E1%4.7))
NN 91 J=1,.4

Ji=(Jd=1)=JM
Joa=(J=-1)%NM2

NN a2 1=1,.M

J3=1+J4

J2=1+J1
T2(J3)=Y(J2)%RU(])

CanT INUE

CHNTIMNUE

S1=0.

DO 93 J=1,Jm
Ji=(J~1)%NM2

DO 94 I=1,JN

J2=Jd1+1+JM

i2(2)=0.

DO 9% K=1,.M
Kl=(K=-1)#IN+]

K2=K+J1l
F2(32)=T2(J2)~T3(K1)*%T2(K2)
CONT INUE

CONTINUE

CUNT INUE

DO 96 J=1,JM

S1=0.

Ji=0J=1)%=MM2

DU 97 I=1,NM

J2=Jdl+l

J3=J2+NM

Ja=2%1+1

FI(J2)=0,

FI(J3)=0.

DI} 98 K=1,NM2

KZ=K+.J1

K1={K=1)%NM24]

K3=K1+NM
FI(J2)=F1{J2)+U(K1)*T2(K2)
FICJ3)=FI{J3)+U{K3)*T2(K2)
COMT INUE .
FI{J2)=FI{J2)/RH(J4)
S1({J3)=F1(J3)/RH(J4)
S2=ARS(FI{J2))




i e

S2=ABS(FI{J3))

IF(S§2=51)

133 §1=S2
J5=J2

136 IF(S3-S1) 97,135,13%

135 S1=83
J5=J3

97 CONTINUF

Si=1./F1{J%)

J2=J1+1

J3=J

1+NM

Ja=J3+1

J5=J

1+MM2

136,133,133

WRITE(3,138) AMD(.J)
138 FORMAT{'OLAMBDA =

po 137 1=92,J45

FI(I)=FT{1)%S]

137 CUNT

INUE

Tybk1l.4})

WRITE(3,60)(FT(1),1=J2,J3)
AT(Y JT',10FR.4/(3%,10F8.4))

60 FORM

WRITE(3,61)
61 FORMAT(?

Jot)

HRITE(3,62)(FI{1),1I=044+45)
62 FORMAT(t+ /',10FR.4/(3X,10FR.4})

96 CONT

IMYF

WRITE(O)IFI(T)41=1,U5)

STOHPR
END
/3

//GO.ETO6F001 DD DSNAME=EE0034,REV1,DISP=0LD,UNIT=2314,
VOLUME=SER=SU0004yDCB=(RECFM=V,BLKST7E=1800,LRECL=1796)

/7

//GO.SYSIN
1 21
0.0000
5.0000
10.0000
0.0000
0.0000
0.0000

/=

7/

DD

0.5000
55,5000

0.0000
0,0000

1.0000
6. (900

0.0000
0.0000

1.5000
6.5000

0.0000
0.0000

2.0000
7.0000

0.0000
0.0000

2.5000
7.5000

0.0000
0.0000

3.0000
3.0000

0.0000
0.0000

3.5000
2.5000

0.0000
0.0000

X

4.0009
9.0000

0.0000
0.0000

15

4.5000
9.5000
0.0000
0.0000
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Qutput of PFrogram #2
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IV, EIGENCURRENT PLOTS

Program #3 which plots the eigencurrents accepts punched card data
according to
READ (1,90) NM2, JM
90 FORMAT(2013)

In the previous program an NMZ2 by NM2 generalized impedance matrix has led to
JM eigencurrents. More precisely, NM2 is defined by statement 146 of the
previous program and JM is the number of numbers printed under the heading
"Eigenvalues of the matrix B" in the output of the previous program. The
eigencurrents are read from the second record of direct access data sct 6
according to

REWIND 6

READ (6)

NZ1 = NM2 * JM

READ (6) (FI(I), I = 1, NZ1)

DO loop 93 prepares the vertical coordinate for plotting and DO loop 95
prepares the horizontal coordinate. The origin is at (1.,5.). The hori-
zontal axis corresponds to the contour length variable. If the NP data
points defining the contour C are not equally spaced, this correspondence
m2y become nonlinear because DO locp 95 always supplies equally spaced
horizontal coordinates, The index J of DO loop 94 indicates the Jth
eigencurrent. Statements 18 and 19 plot the sinusoidal components of

Jt and J¢

Minimum allocations for FI and X are given by

respectively.

DIMENSION FL(NM2 * NM2), X(NM2/2).




Lastiae of frograr 43

/7 (003 FFE 24,23 48) 4 tMAUTZ , JOE Y yMSGLEVEL=1
(7 EXRC FDRTOOLGy PARM FORT = VAP
J/FNDRTJSYSTIM 3D
DNIMENSTON F1(1444) XP(4),YP(4) ,AREA{4Q0) ,X(19)
CALL PLOTS{ARFA,,4GD)
READC Y ,O90G) M2, JM
40 FORMAT(2N13)
WRITE(4,91) K2, 04
Gl FORMAT{IONM2 g1 /1X,213)
M2Y=mr2 OM
FrWlND A
REAL( &)
READUAIIFILTYSI=1 N7 1)
NM=iM2 /2
XP{l)=1.,
XP{2)=6,
YP{ll=5.,
YP{2)=5,
XP(31=1.
XP(ay=1.
YP{3)=3,
Ye({ad=T7,
Nt 93 I=1,M71
FIfI)=5.+F1(1)
93 CONT INUF
Sleb./iMMFL)
B0 9% Jd=1, MM
X{.J4)=] . +J%S51
g5 CINTINUE -
Y Q4 (=), .0M
Jl=ld=1)=NM241
J2=J1+HM
CALL LINE(XP({L1).yP{1li,2,1,0,0)
) 96 K=2,6
$1=8-X
CALL SVMRNL(S1,5.0.14413,0.,-1)
96 CONTIBUF
CALL LINE{XP{3)}.YP(3),2,1,0,0)
D) 97 K=1,5%
S1=6-K
CTALL SYMBOL({1.+5)4.14,13,90.,4~1,
97 COXTINUEF
Y:ALL f!lJ?iRER(,76yb.‘)3v 01119101007-1’
CALL NUARER({ ,7A44.,93,.1440,,0.5~1)
TALL MUMRER(.A6,3,93,.14.-1,.,0.,-1)
18 CALL LINFIX{1)FI{J1Y NM,144,1)
19 CALL LINFIX(1),FI(32)HM,1,0,1)
CALL FLNT{ToeDey=-3}
Yo (OMTIIME
AL BLOT(5,.0..-3)

STIp
END
FAS
1700, :TORFNOL DD DSHAME=EEOD34 ,RFVL,,DISP=0LD,UNIT=2314,
7/ VOLUME =SER=SU0004DTB={RECFM=V,BLKSIZE=1R00,LRECL=)T796)
J76R,SYS TN DD
14 3
IES
/7
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V. GAIN EIGENPATTERNS

Program #4 which calculates and plots the gain patterns of the eigencur-

rents accepts punched card data according to

READ (1,10) NN, NP, NI, NS, JM, BK, SCL

10 FORMAT (513, 2E14.7)

READ (1,11) (AMD (1), I = 1, JN)

11  FORMAT {5E14.7)
READ (1,15) (RH(I), I
READ(1,15) (ZH(I), I

15  FORMAT (10F8.4)

1, NP)
1, NP)

Here, NN, NP, BK, RH, and ZH are the same as in program #1 and JM is the
same as in program #3, The electric field and gain will be computed at
polar angles ei = i%%%%l, i=1,2,... NT but will be printed only at i=1,

NS + 1, 2*NS + 1,... . One inch will correspond to a gain of 1,/5CL on
the plot. The variable AMD appears under the heading "Eigenvalues of the
Matrix B" in the output of program #2. The JM eigencurrents are vead from

record 2 of direct access data set 6 according to

REWIND 6
READ (6)
READ (6) (FI(J), J = 1, NZ1)

where NZ1 = NM2 * JM, The variable NM2 is the same as that appearing in the

first three programs.

In DO loop 40, DH(I), RS(I), ZS(I), SV(I), 'and CV(I) are respectively

the distance between the Ith
h

and (I+1)th data point, and p,z, sin v, and
and (I+l)th data points. Yere, v is the angle

between U, and the z axis, In DO loop 41, T(4*(J-1) + I), I=1,2,3,4, is the
T_(t)
h

cos v midway between the It

(the gt
coordinate p) multiplied by DU(2* (J-1)+I) and evaluated midway between the
(Z*(J-al)-l-I)th and (2*(J-l)+I+l)th data points., Now T represents the func-
tions f;(t) associated with Jt‘and TR those functions fi(t) associated with

amplitude of triangle function divided by the cylindrical
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¢ although only £, (t) appears in (2-42) of [1], no distinction being made

there between f (t) and L¢(t) If the surface S has no edges, f (t) f¢(t)

~ but if S hzs an edge at elther end of C, program #4 modifies the f¢\t) nearest

this edge so that f¢ = ; at the edge in an attempt to account for the singu-

larity of J¢ at the edge.
The subroutine PLANE is concerned with the integrals
-> >
-jk_ . T
> -> i1}
Rn = @ Wi u e ds )
S

appearing in (2~51) of [1]. The R integrals can be written as

RES p%e
fa = td 6 )
1R Ry

The row submatrices on the right hand side of (3) are defined according to

which ﬁi and which Km are used

] -> -
Matrix element u Wi
to > > ;
Rn ug utfi(t) cos nd
a
RO’ Uy Uy£; (€) sin no
te -> >
Rn u¢ utfi(F) cos ng
R*? u U, £, (t) si
n P u¢ i sin né

1f the coefflC1ents I appearing in (2-51) of [l] are partitloned inte column

vectors I and I¢ correspondlng to the ut and u¢ directed W the radiation
field will be given by
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ST eI
o zlone )

E w 2 o | | 1% “
¢ Rn Rn

Furthermore, it will be shown that

Ato .590 P

Ee ke cos né O R -JRn {1-]
4pr

: 34 ~d0 ¢

E¢ 0 sin n¢ JRn Rn (17]

where the careted submatrices Rn are given by equations (77) and (81) of

reference [3]. If the current has the polarization (2-43) of {1]) instead

of (2-42) of [1], the matrix (°°F "¢ 0 ”
s1n np O

[ cos n¢] The submatrices Qn use sinusoidal W and depend upon the

measurement azimuthal angle ¢ while the R use exponentlal functions and are

] of (5) must be replaced by

evaluated at ¢ = (Q, Consider the contrlbutlon to E from I¢ According to

4),
21

E, = :m;.:.%...ﬂ Sp dtf dé u (9)£; (t) sin n¢ - u (6 v(e-¢ )  (6)

where -jﬁﬁ e r
V(o) = e W)
Since the integrand of (6) is periodic in ¢ with period 2w, ¢m can be

added to ¢ without changing the value of the integral.

2%
~juue S KT N
By = -mez,?r 1 So fi<t)dtS‘ ap 8, @¥o,) + By(0) W) sinn(eke) @)
0
But
w (k) ¢ U () = U, (8) Uy (0) (9

so that
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. 2
:iwue-Jkr ¢ C ! -> ->
Bo= e — 1t o r@ e [ a0 3@ stnntery) - R0 ve) a0
0

Now 39(0) is the measurement plane wave coming from the direction ¢ = 0.
Alternatively, (10) can be obtained Jirectly from (6) by reasoning that
(6) should depend only on the phase difference between the current J and
the direction ¢m from which the measure ent plane wave comes. For instance,
one should be able to turn both 3 and on back by ¢_ to obtain (10). Equa-
tion (L0) leads to
. —jkr g98 _ 30 R0 4 9O
E_ = —joue I¢ n -n

-n .
5 - i 23 cos n¢m + =5 sic n¢m (11)

Using the fact that ﬁﬁe is odd in n,

E, = —oMe Sl (-5 ’?® ) (12)
s by g (73 Ry cos noy,

in agreement with (5). The rest of (5) can be similarly verified.

The subroutine PLANE is essentially the same as the one appearing in
Appendix B of reference [2]. For the L—th measurement polar angle & = THR(L)
and the JCh function fJ(t) of (2~42), PLANE stores ﬁze, -jﬁge, jﬁ§¢, and §i¢
in VVR(L1+J), VVR(LI+J+NM), VVR(LI+J+NM*2), and VVR(L1+J+NM*3) respectively
where L1 = (L-1)*NM*4 and NM = NM2/2.

DO lcop 92 multiplies the eigencurrents by p to retrieve
t
[1-]
[i] = (13)
(1]
. th t ¢ .
appearing in (2-25) of [1]. The i~ elements of [T°] and [17] are the coefficients

-> ->
of the expansion functions utfi(t) cos n¢ and u¢fi(t) sin n¢ respectively for

an eigencurrent of polarization (2-42) of [1].
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The index KK of DO loop 81 indicates the KKth eigencurrent. In DO loop

83, K=1 obtains Ee and K=2 obtains E DO loop 82 obtains the NT polar angles

o
8. Inner DO loop 84 performs the actual matrix multiplication indicated by
(5). The gains G, and G¢ are proportional to IEOIZ and !E¢]2. The average

of the total gain over the area of the radiation sphere is unity.

Y 2 NN

f (G, (0) + G¢(8)) sin 6d8 = (14)
0 4 NN > 1

it
o

DO loop 85 stores E, znd Ge in positions 1 to NT of E and G and E, and G, in

6 ¢
positions NT+1 to 2*NT of E and G. The phase of E is normalized to -je gkr.

. Statements

¢

34 to 86 are concerned with plotting the gains of the eigencurreuts.

The magnitude of E is normalized so that IEelz = Ge and }E¢|2 =G

Minimum allocations are given by

COMPLEX VR(NT#*NM2%2), E(NT*2)

COMMON RS(NP-1),ZS(NP-1), SV(MP-1), CV(NP-1), T(NM2*%2), TR(NM2*2)

DIMENSION AMD(JM), RH(NP), ZH(NP), DH(NP-1), TH(NT), G(NT#2), SN(NT*2)
CS(NT*2), FIL(NM2*NM2), GX(NT*2). GY(NT*2)

DIMENSION BJ(3*(NP-1))

Here, NP is the value of NP after execution of ctatement 9% in the main

program. Also, BJ appears in PLANE.
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Listing of Program #4

/7 (0034 +EBE+342+95) ¢+ "MAUTZ , JDE {MSGLEVEL=1
/7 EXEC FORTGCL%:,PARM,FORT="MAP?
//FORT .SYSIN DD =
SUBRGUTINE PLANE(VVR, THR,NT)
COMPLEX VVR(1),A5,A6,U
COMMON U,RS{40)4,25(40),SV(40),CV(40),BK,NPsNN,T(80),TR(80)
DIMENSION BJ(126),THR(1),FK(20)
KG=NP=-1
NM=KG/2-1
M2=NN+2
A5=2,.%3,141593%U%% (NN+1)
NV=NM* 4
K1) =1,
DO 153 J=1,M2
Jl=J+1
FK{J1)=FK{J)}=]
153 CONTINUE
DO 156 L=1,NT
Li=(L=-1)%NV
CS=COS(THRI(L))
SN=SIN(THR{L))
RLS=BR¥LS
DO 302 J=1,KG6
X=RS(J)*=BK*SN
Ji=J
[1=NN
1F(I1) 303,304,303
304 I1=11+1
J1=J1+KG
303 DO 305 JJ=11,M2
IF{X=1.,E~5} 141,22
1 IF(JJ-1) 3.3,4
3 B8jlJdl)=1,
G0} TO 306
4 BI(J1)=0.
GO TO 206
2 RH=X/2.
RHZ=RH*RH
RH3=RH*%(JJ-1)
BJ{J1)=RH3/FK({JJ)}
SS=pJ(J1)
8 SST=SS*1,.E-7
DO 155 K=1,20
5S==SS*RH2/K/{K+JJ~1)
R3{(J1)=RI(I1)+SS
IF{ARS(SS)~SST) 306,306,155
155 CONTINUE -
STOP 155
306 Jl=J1+KG
305 CONTINUE
302 CONTINUE
IF{NN) 307,308,307
308 DO 309 J=14K6
- Jl=Jd+e*K6
RJ{JI==RJ(J1)
309 CONTINUE
307 DO 300 J=1,NM
~Jdl=Jd+il
JZ2=J1+NM
J3=J2+NM




301
300
156

[ @

15
33

12

16

18

96

25
Jb4=J3+NM
VVR({J1)=0,
VVR{J2)=0.
VVR(J3)=0,
VVR(J&)=0,
DO 301 I=1.4
11=2%(J=-1)+1
Ta=4%(Jo1)+]
[2=]14KG
[35]12+KG
A6=(COS(ZS{TIL)%*BCSI+URSINIZS(I1)Y*BCS) ) *A5
BJI={BJLI3)+RJI(T1))%,5
FJ2=(RJ(I3)~-BILT1))%,5
VUR{JL)=VVR{JI1)+A6X(CS*SV(ILI*BI2+SN¥CVIT1)#BI{T12)%U)*T(]14)
VVR{ JZ2)Y=VVR(J2)+A6XCS%=BILI%*TRI{I4)
VYR (J2)=VVR(JI)+A6RSVITLIRBILAT(]14)
VVR(J4)=VVR(J4)+A6XBJI2%TR{14)
CONTINUE
CONTINUE
CONTINUE
KRETURN
END
COMPLEX UsU1,VRI5548),E(146)
COMMON UyRS(40),2S(40),SV(40),CV(40)yBK,NP NN:T(80},TR{80)
DIMENSION AMD(38) sRH(41)4ZH(41)4DH(40) ,THIT3) 4XP(2)+YP(2),G{146)
DIMENSION SN(T73),CS(73),FI1(1444),GX(146)+GY(146),AREA(400)
CaLL PLOTS{AREA,40Q)
READ{1,10) NNsNPs4NT,NS,JMsBK,SCL
FORMAT(513,2E14,.7)
READ({LI,y1L)(AMD(TI)sT1=14JM)
FORMAT(5E14.7)
READ(141S)I(RH(TI),I=14NP)
READTIY,15)(ZH(1),1=1,NP)
FORMAT(1GF8.4)
WRITE(3:33)
FORMAT{'1 NN NP NT NS JUM?,6X,'BK?,12X,'SCL")
WRITE(3412) NN,NP¢NTNSyJMBK¢SCL
FORMAT{1X,513,2E14.7)
WRITE(3 451 1AMD(]I) »I=1,4JM)
FORMAT('OAMD*/(1X45E14.7) )}
WRITE(3,16)(RH(I),I=1,NP)
FORMAT('ORH'/{1X,10F8.,4))
WRITE(3,18)(ZH(]1)y1=1,NP)
FORMAT(?0ZH/(1X,10F8.4))
“=(00710)
PI1=32,141593
KL=1
TF((RH{1)})~=RH(NP) ) ME.O, . OR. (ZH(1)=ZH(NP)).NE.Qs) GO TG 95
KL=0
RH{NP+))=RH(2)
ZH{NP+1)=sZH(2)
RH{NP+2}=RH(3)
ZHINP+2)=ZH(3)
NP=NP+2
NM2=NP~3
NM=NM2/2
NM4=NM=4
NT2=NMT*2
NZ 1=NM2%JM
REWIND 6




READ(6)
READ(OY(FT(U) d=],4,NZ1}
D <0 =2 ,MP
12=1-1
RRI=RH({1)~RH(12}
RR2=ZH(1)=ZH(12)
DH{12)=SORT (RRI%RR1+RR2%RR2)
RS(I2)=.5%(RHIT)I+RH{T12))
ZS{12)=,5%(ZH{1)+ZH(12})
SV{I2)}=RR1/DH(12)
CVvIiI2)}=RR2/DH(12)
40 CONTINUE
DO 41 J=1,NM
J2=2%(J=-11+1
\]3=J2+1
Ja=J3+1
J5=J44+1
Joz4x{ J=-1)+1
JT=d6+1
JB=2J7+1
JO=JR+]
DEL1=DH{J2)+DH({J3)
DELZ=DH(J& )} +DH(Jb)
T(J6)=DH(J2)*DH(J2)/2./0ELL
T(J7)1=0H(J3 > (OH(J2)+DH{J3}/2,.)/DELL
T(J8)=DH{J4)*(DH{JI5)+DH(J4)/2.)/DEL2
T(J9)=DH(J5)*DH(15)/2./DEL2
41 CONTINUE
DD 97 J=1,NM4
TRIJI=T(J)
97 CONTINUE
IF{KL.EQ.0} GO TO 98
TF(RH(1)) 23+24.:23
23 DELI=DH(1)4DH(2;
TR{1)=DH(1}*(1.+(DH{2)+DH(L1)/2.)/DELL)
TR{2)=DH({2)*(1,+DH(2)/2./DEL])
24 TF(RHINP)) 26.,98,26
26 J1l={NM=-1)%4+3
J2=J1+1
NEL2=DH(NP-2)+DH{NP-1)}
TR{J1)=DH(NP-2)%(]1,+0OH(NP-2)/2./DEL2)
TR{J2)=DR(NP=1)%{1.+(DH(NP-2)+0OH(NP~1)/2.)/DEL2)
98 DEL=PI/(NT-1)
£2=5CL*4,/DEL
IF(NN.EQ.O}) (2=C2*,.5
DO 43 J=1,NT
TH{J)=(J-1)*DEL
SN{J)=SCLESIN(TH(J)})
CS(J)=SCL*CO3{TH(J})
43 CONTINUE
Xe{1)=2.
Xp{21=R,
YP(1)=5.
YP(2)=5,
CALL PLANE{VR,TH,NT)
C1=180./P1I
DO 31 J=1,NT
TH{J)=TH{J)I*C]
31 CONTINUE
H 92 S=1,JM




93
92

84

82
83

85
34

18

- 87

86

J1=(J=-1)%NM2

DG 93 I=1,NM
J2=J1+1

J3=J2+NM

Ja=2%1+1
FI{(J2)=FI(J2)%RH(J4}
FI(J3)=FI{J3)%RH(J4)
COMTINUE

CONT INUF

DO 81 l.n=1,JM
K1=(KK-1)*NM2

5$2=0.

DO 83 K=1,2
K2={K~1)*NT
K3=({K~1)%NM2

DO 82 J=1,NT
J1={J~1)*NM4&+K3
Ul=0.

00 84 I=1,NM2
J3=1+J1

Ja=1+K1
Ul=UL+VR(J3)*FI(J4)
CONT INUE

J5=J+K2

E{J5)=Ul
S1=CABS({Ul)
G(J5)=51*S1
$2=S2+G(J5)%SN(J)
CONTINUE

CONTINUE
S3=80RT(C2/52)

D0 85 J=14NT2
E(J)=E(J)*S3
S2=CABS(E(J)}
G{J)=S2%S2 -
CONTINUE

CALL LINE{XP,YP,2,1,0,0)
DO 77 J=1,7

S1=0-4

CALL SYMBOL(S14544¢1441340,4-1)

CONTINUE

CALL LINE(YP,XP42451,0,0)
DO 78 J=1,7

S1=9-J

CALL SYMBOL(5¢9514.14413,90.y-1)

CONTINUE

o0 86 K=1,2
K2=(K~1)%NT

DO 87 J=1NT

J1=J+K2
SL=G{JL}=SNI L)
CX{J1=5.+S1
GY{J)=5.+6G(JIL1)*CS(J)
J2=NT2-J+1
6X{J2)=5.~51
GY(J42)=6Y{J)
CONTINUE

CALL LINE(GX4GY4NT2,1+040)
CONTINUE

WRITE(3,27) AMDI(KK)
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2T FORMAT(PAFLECTRIC vICL AND GAIN DF ETGENCURRENT FOR LAMBDA =',F1ll

o)

WRITE(3,08)

2 RARM
IVAGH

WRITF(3,29)
29 FORM

0 CunT

AT('0
Q)

AT( '+

INUE

t REAL{ED)

GAINAYY

IMAGLEOD)

GAINO

REAL(EO) 1

e IR RO RS R P PR LS R FAVANE S P SR VAR B SR VAL
Nnoy 30 K=I’NT,NS

K2zNT+K
WRITE(3,32) TH(K)vF(K)y(“(K,vF(Kz)yn(KZ)
37 FURMATLIX,Fb.l¢bE12.4)

CALL PLOT(T7.40.,-3)

Rl CONT

INDE

CALL PLOT(6.+0,,=3)

STP
EMD

s
7 <

//GNFTO6F00)1 DD DSNAME=EFN034 ,REV],DISP=0LD,UNIT=2314,
VOLUME=StR=SH0I04,NCR=(RECFM=V,BLKSIZE=18004,LRECL=1796)

/7

7/760,SYSIN DD w
4 3 0,3141593E+00 0.5000000E+00

1 21 73

0.2559645E+01~0,8785684F-02-0,264452TE+02

0.0000
5.0000
10.0000
0.0000
0.0000
0.0000
/%
/7

0,500
5.5000

0.0000
0.0000

1.0000
6.0000

0.9000
0.0000

1.5000 2,0000
6.5000 7.0000

0.0000 0.0000
0.0000 0.0000

2.5000
7.5000

0.c000
0.0000

3.0000
8.0000

0.0000
0.0000

3.5000
8.5000

0.0000
0.0000

X

4.0000
9.0000

0,6000
0.0000.

4.5000
9.5000

0.0000
0.0000




Output of Program #4 29

NN NP NT NS UM 3K SCL
L 21 73 4 3 1.3141593F 70 J5u0GLLI9F 092

AMD
2559665k J1=U.3T85684E-02-).20+45270 02
RH
0.C L5000 1ewJOU L1500 2,00l ) 2,990 3,000 3.3000 4.0700) 405700
L.0000  5.5000 8.000u  6.5L ) T.000.  T.500 B,0007T 8,500) 9.309 9.5, "
10.06uD
ZH
0.C Gevs C.D Oeu Del a.0 (A ] 0,2 ¢.Nn Gt
0.C .0 Covu 0.0 el Yad Caus V.2 t..n L I
0.0

ELECTRIC FIECLY AND GAIN GF LIubtCJeReNT Vil LAMRDA = (2507 ]

® REAL (E®) IMAGLER) GAINS REAL(LEZ) I1AG(+E) SAINA
(e ~C.1304E 1 ). Q416990 01 D,1304F )1 Dot 31699 £
12.G -C.1243E D1 3,0 D.1546F 21 UL1134E ¢l J.0 Je 12878 1
20U -0.10HUE 1 9.9 CLL1ASE DL J.68038 ‘N J.0 "L 4628t
370 =Ceb558t T 0. Vel 324F 21 GJT4TTF-31 I3 2.8%91€0-.2
45,0 -L.62188 Cu N, CedBOTE IC —0.5331F L De ‘el BG2F 1
50. 0 ~ULL4158F 00 3.3 Col729E DU =2,1736F 21 3.0 JJILT3E L1
6.0 —C.2558E 0 9.0 C.6542E~-91 =0,1391% 01 J.2 T.1935F (1
TdeU -0,.1al6E 00 Q.9 (e 200L5E-01 =-C,1607E C1 DY 2.25%28 L1
87 4L =0e6132E=-I1 M) N 38226-02 ~ve1716F C1 2.0 L e2944E L1
G, G =0, 1058E-96 ).) Colll®ec-13 -u.1748L 31 DJ.0 “.3757E 71
1G.0 C.6182E-91 2J,.) D.3822E-92 -0.1T16F 31 D0 r.2944F [ 1
1130 0.1416k €2 0.5 0,200%E=01 -D.160T7TE 01 D2 J.2582€ (1
23,0 0,2558E 00 0. D65420-01 -0.1391E Q1 2.9 N.19%%E (]
136,40 CG.4158E €I .0 0.1729¢ JC ~-0.1036k OL 0.0 cel . T3F (]
143. 0 0.6218E L2 9.0 0.3867t NC ~-(.5331C ¢ Q.7 velBalt
150.0 (.B9558E CO  G.0 LeT324F 00 N, 14T7TE-71 Do) Je8HAILE-"2
16v.0 GLIUBVE 01 .0 ve LIGHE I Lu0803F0 CL 0 J.0 {L.40720E .
170.0 C.1243E 31 94) Celb46F 1 0.1134r ¢l J.v T.1237F 1
18C.0 C.1304E 01 0.9 . 1099E Q1 0.1304F 01 3.0 N, 16998 (1
ELECTRIC FIELD ANO GAIN OF CIGLUCJRRLNT FUR LAMADA =~ .873067- 2
& PLAL(LE) IMAG(LY) GAlNe Ri-AL(EZ) IMAGIEY) GAIN?
Col) ~0.2266E J1  v.) Ce9136F 41 ,2266F J1 D.v MLH1306E (1
10.G =C.2176E O1 0. C.4136F 01 2.218Lt 01 DJ.w 7.4752E 1
20,0 =0.19296 01 9,9 J.3722F 1 0.1943F vl 2.9 N,37768 7}
3Le0 —Ga1534C 1 0.2 Ue2510F Ul Jel6laF L1 DL Se20637TE Il
45.L -0,1212E 21 J.9 G.la65F 01 6.1263E 01 J,0 Yo 1995F "1
5)eli =Co8BA32E YO D, Q7492 OC  C.9445F OC DJ.0 NV, RU21F
6%.0 ~0.5722E GO H.) 0.3275€E 00 0.6923E 0L 2.0 J.6793C o
72,0 ~0.3416E G0 0.) C.1167E N0 0.5167C C¢ 3.1 2HTE 2
8N.07 ~0.1582t N) 0.J) 0.2501E~-01 0.4154F 00 2J.C N.1725¢ (7
9C .. —C-.2768!:’-05 v.0 G.76611~13 90,3825t OC J.u noll‘b3E ’
1GNeN G.158B2F LU Wed 0.2501F~01 0.41%4c OO J.0 AP B -3 LY S
110.C G.3416E 20 3D C.l167t 00 (.5167€ CC 2.0 DJ201CF °
123.0 0457228 99 .0 0.3275F 00 0.6923E 0C DJ.U V.4TI3E TH
130.C 0.8632F 00 D.J C.T4%2F 90 0.9445¢ OC 2.0 0.,8921¢€ o7
1470 CL.121¢F Ol 0.) 0.1405f 01 90.1263t 01 2.0 N.1595F C1
150.0 G.1584€ 21 C,2510f 01l O.l6i4F 0L J.0 Le2b0TL0 11
0.3722F 01 ©.1963F 01 3.0 S.3776E (1

170.0 0.2176E J1

9
l6C.C 0.192%E 21 O
o
180,90 (¢.2266t 0L 9

e
o)
eJ G.al36F 01 0.218" 01 J.0 UATS2F 111
) C.51306F 21 0.2266F 01 2.0 N0.5136F 1
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ELECTRIC FLELD AND GAIN O

=

(AN
| SR
2isev
3).0
HC 50
5.t
670
T)eo
B .0
RN E
10c, o
11¢.¢
lZ~ ]
).3\ . v
lat v
15).0
16).6
170 .0
18°.0

REAL{ES)
¢.1836F 91
C. 15738 01
U6433E LO
-C.4)76E GO
-G.1289€ 01
-0. 1766 J1
-C.1789F 91
-C.14903t 11
=C.7642t 0
=i «1412E-05
C.7642E )
0. 14038 01
C.178)t 11
Collbot 1L
t.1287t vl
C.40T6E 09
-0.6433€ I
-Q0. 1503k 1
~C.1836E 1

IMAGILS)
D)

E IGENCURRENT FUR LAMBOA

DALNK
O.3371F O}
CL.2260 1l
veal 39 U
Q.l661F 10
D.l60lE 01
Ced120L 61
0.3169F D1
e lyoHt 1l
Ce934"F 20
Lel992F-11
0.5840L 0
0.1968F 01
uedlent 1
Jedl23
JelOOL1E J1
C.loble 0C
C.4139+ uC
0.226UF 01
0.3371E N

KCAL(EZ)
~U. 1836k (1
-0.1723F o1
-0,1419%L 1}
~0.1011C 01
-0.5953¢c oC
-0.2446F 0L

Geld36L=-01

C.1716t Ou

J. 2868 0C

0.,28298 u(

0.2568F 00

Q.L716F N

Geluier-01
-0,2445E OC
-0,5953F Q¢
-0.1011f <1
-0.1419t 91
-0,1723F 01
-(.1836F N1

~0.,26%5f T2

[vAGIEY)
0.0
2.9
J.06
2.0
2.9
3.9
3.t
).L‘
2.9

TO MO

DOLWILVWOLOOL
a2 COCC O

DAL N7
‘.\03.‘/71*‘ ol
Da2959F 1)
Te2ulbt
7.121E "1
Q.%‘)““F [
C.59%4¢~¢ |
e llhGE =" 4
1,29645F =71
YL T RIS
G.8105L-71
0.6993E-71
D.2945F-C1
e LLHBE~T
Te99346-71
Je3544F T
.02t 71
D.2714F {11
N.2969L 1
G.3371t 01
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VI. SCATTERING CROSS SECTIONS

Program #5 which calculates and plots 6/A2 for an axially incident
plane wave accepts punched card data according to
READ (1,10) NP, NT, NS, JM, BK
10 FORMAT (4I3, El4.7)
READ (1,11)(AMD(I), I
11  FORMAT (5E14.7)
READ (1,15) (RH(I), I = 1, NP)
READ (1,15)(ZH(I), I = 1, NP)
15 FORMAT (10F8.4)
READ (1,50)(L(3), I = 1, JM)
50  FORMAT (291I3)

1, JM

The variables NP, NT, NS, JM, BK, RH and ZH are the same as those in program
#4. The variatle AMD appears under the heading "eigenvalues of the matrix B"
in the output of program #2. The L(I)th eigencurrent is the Ith eigencurrent
to be considered in the modal expansion of the scattered field. The variable
L(I) is necessary because it is desirable to perform the modal expansion by
adding eigencurrents in order of increasing |[A|. (Program #2 has ordered

the eigencurrents in order of increasing A.) For instance, if A6 corresponds
to the smallest |X| and Ag corresponds to the next smallest [A], then L(1) = 6
and L(2) = 5. The impedance matrix and eigencurrents are read from records 1

and 2 of direct access data set 6 according to

REWIND 6
READ(6) (2(I), I = 1, NZ)
READ(6) (FI(I), I = 1, NZ1)
where
NZ = NM2*NM2
NZ1 = WM2*JM

and NMZ is either NP-1 or NP-3 depending on whether or not the gererating

curve C closes upon itself.
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the subroutine PLANE is the same as in program #4. Much of the logic
befure statement 7 in the main program is devoted to preparing the input

data for plane and is thus the same as in program #4.

DO loop 80 modifies the impedance matrix according to (2-47) of [1].
DO loop 19 obtains the matrix X appearing in (2-15) of [l]. Statement 6

Inverts the impedance matrix to obtain the admittance matrix Y.
DO loop B85 calculates the scattered field by inserting

=)= vl [P gt (15)
:
I

into (5) for n=1. Equation (15) is pcssible because plane wave excitation
and measurement coefficients have the same form. Notice that (1--48) of

[1] is written using the eigencurrents as a tasis while (15) is written with
the expansion functions (2~42) in mind. The excitation of a Ze polarized
plane wave incident in the plane $ = 0 gives rise to expansion functions
(2-42) of [1] while the excitation of a 3¢ polarized plane wave in the

plane ¢ = 0 gives rise to expansion functions (2-43) of [1]. In DO loop 85,
K5=1 obtains plane wave excitation from the direction (6=7,¢=0) and K5=2 that
from the direction (6=0,¢=0). DO loop 82 stores the column matrix [I] of

(15) in E3. DO loop 103 stores Eg, Eys (a/xz)e, and (c/A2)¢ in E(J), E(J¥NT),
SIG(J), and SIG(J4NT) where J indicates the Jth measurement polar angie 6. Here,
Ee is the 8 component of the far zone scattered field in the plane $ = 0 and

E¢ is the ¢ component of the scattered field in the plane ¢ = gu The phase of

-ikr

the scattered field is normalized to -je the magnitudes IEel and |E¢| are

such that

(o/Az)e=|Ee|2
(16)

(c/A2)¢=}E¢|2

The comstant Cl used to normalize the scattered field is given by
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pe? \ 172
Cl = (TJXT (17)

T

The factor w?p?/(4nA2) appears in (1-51) of [1]. The logic between state-
ments 119 and 109 finds SCL(K5) so that the maximum value of SIG(J)*SCL(K5)
for J = 1,2,...2*NT is alvays between 1.2 and 3.0. DO loop 106 prepares hori-

zontal and vertical coordinates E5 and E6 suitable for plotting o/A%.

DO loop 48 multiplies the eigencurrents by p to retrieve the coefficients
[I] of the expansion functions (2-42) of [1]. The matrix [I] is stored in FI
with subscripts (J~1)*NM2+1 to J*NM2 denoting the Jth eigencurrent. The admit-
tance matrix [Y] appearing in {15) will be expressed in terms of [I] whose
columns are the expansion coefficients of the eigencurrents. For the moment,
assume that there are NM2 eigencurrents so that [I] is a square matrix. Equa-

tion (2-18) of [1] can be multiplied by [I] to yield
[(T}iz1(1] = [I)IXI[T] (3 + 1/0) _ (18)

Because of the orthogonality relationships (2-24), of [1], the right side

of (18) is a diagonal matrix. Equation (18) can be inverted to obtain

1 Yyt = — L (19)
[E10101] G + 1)

vwhich leads to

-~

[Y] = (1] - L [1] (20)
(F10x)(1] (G + 1/0)

Equation (15) is introduced into (5) with the result

rge { cos & O ﬁ?e —iﬁ?e
I ' ' TR
| m (5 -] e
' .Atd s
[E¢ 0 sin ¢ JRl Rl
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where [Y] is given by (20). Equation (21) is a specialization of (1-37)

of [1]. Alternatively, (21) could have been obtained by finding the matrix

t
[tID] associated with J of (1~30) of [1] and inserting this matrix into (5).
f

(L]

Evidently, the use of JM<NM2 terms of the sum (1-37) of [1] is equivalent to
using only JM columns of [I] in (20). DO loop 21 stores the diagonal matrix

AFT]PX][Ill(j YRS appearing in (20) in E3. The inner DO loop 27 stores

(1] L in T3.

(TIXIIT (G + 1/0)

Th2 index K of DO loop 29 indicates that K columns of [I] are being
used. DO loop 30 adds the contribution of the L(K)th column of [I] to the
admittance matrix [Y]. In DN loop 65, K4 = 1 obtains the plane wave incident

from (6=, ¢=0) and K4=2 that from (=0, $=0). Inner DO loop 45 stores

/EM
'YI[R ~jR ¢] in E3. In DO innp 66, K5=1 obtains E, and K5=2 obtains E,.
2 1 0 ¢

DO loop 44 calculates EG’ E¢, (o/Az)e, and (O/AZ)¢ and stores them in E and
SIG. The quantity o/A2computed using the modal approximation to [Y] is
plotted as symbols (X for & polarizationm and D for ¢ polarization) and the
quant .ty o/A\? computed using [Y¥] obtained by inverting the impedance matrix
is plotted as a solid curve in the latter part of DO loop 66. The logic
following statement 66 is devoted to drawing the axes for the plot and print-
0° Eq, (0/)\2’)e and (G/A2)¢.
Ee, Eé,that are printed lack the phase factor —je

ing to (16).

ing the quantities E The scattered field components

~jkr and are normalized accord-

Minimum allocations are given by

COMPLEX Z(NM2%NM2), Y(NM2*NM2), VR(2*NT*NM2), E3(NM2), E(NT#2), T3(NM2*JM)
DIMENSION AMD(JM), RH(NP), ZH(NP), FI(NH2*JM),

DH(HP-1), TH(NT), X(NM2*NM2), 7SIG(E\!T*2),

L(JM), SN(NT), CS(NT), E9(NT), ELO(NT),

ES(NT*8), E6(NT*8)




COMMON RS(NP-1), Z3.(NP-1), SV(NP~1), T(NM2%2), TR(NM2%*2)
DIMENSION BJ(3* {NP-1))
DIMENSION LR(NM2)

Here, NP is its value after executlon of statement 90 in the main program.

Note that BJ appears in PLANE and LR in LINEQ.

¥

35




36
Listing of Program #5

/7 (0034+EE+442497),'MAUTZ 4 JDE' yMSGLEVEL=1
7/ FXEC FORTGCLGPARM.FORT=tMAP?
//7FORT.SYSIN DD *
SUBROUTINE PLANE (VVR,THR,NT)
COMPLEX VVR{11,A5,A6,U
COMMON UyRS{40),25040)+SVI40),CVI40),BK,NP,NN,T(8BO),TR(80)
DIMENSION RJI(126),THR{L1),FK(20)
K5=NP-1
NM=KG/2~-1
M2=NMN+2
AS5=2,%3,141593% %% { NN+1)
NV=NM=%4
FK{l1)=1.
DO 153 J=1,M2
Jl=J+1
FKIJ1)=FKLlJ)*)
153 CONTINUE
DO 156 L=14NT
Li=(L~1)%NV
CS=COS{THR(L))
SN=SIM{THR(L))
BCS=BK*(CS
DO 302 J=1,KG6
X=RS(J)*BK%SN
Jl=J
11=NN
IF(IY) 303,304,303
304 11=11+1
J1=J1+KG
303 DO 305 JJ=11,M2
[F(X-1.E~5) 1,41,2
IF{JS-1) 3,3,4
BJlJl)=1.
GO T0 306
BJ{J1)=0.
6N TC 306
2 RH=X./20
RH2=RH*RH
RH3=RH*%x(JJ-1)
BJIJ1Y=RH3/FK{JJ)
SS=BJ(J1}
B SST=S5S8%1,.E~7
DO 155 K=1,20
§$8§==SS%RH2/K/ (K+JJ=1}
RJ{JS1i=RJI{JL)+SS
IF(ABS{SS}~5ST) 306,306,155
155 CONTINUE
STOP 155
306 J1=J1+KG
305 CONTINUE
302 CONTINUE
IF{NN} 307.308.307
308 DO 309 J=1,K6
J1=J+2%KG
BJ(J)==-BJ(J1)
309 CONTINUE
307 DO 300 J=1+NM
J1=J+L1
J2=J1+NM
J2=32+NNM

1) p

>




301
300
156

20

12

37
Jé=J3+MNM
VVvR(J1)=0.
YVR(J2Z2)=0.
YVR(J3)=0,
VVR(J4)=0,
D0 301 I=1.4
11=2%(J=1)+1
T4=4%()-1)+1]
12=11+KG
13=124K0G
A6=(COS{ZS(TI1)=BCSI+URSIN(ZS{TIY1)*#BCS) ) %AD
BJI=(BI(I3)+BI(TIL) )*.5
BJg=(RJ{I3)=RIJ(I1))*.5
VVR(J1)=VVR{J1)+A6H(CSHSVITIIXBI2+SNRCVITII®BI(T2)*U)*T (1)
VVR(J2)=VVR(J2}+A6XCS:BIL*TR(14)
VVR(J3)=VVR(JI3)+A6ESVITIIXBIL*T (14}
VYR (J4)=VVR{J4) +A6%BI2%XTR (14}
CONTINUE
CONTINUE
CONTINUE
RETURN
END
SUBROUTINE LINEO(LL,.C)
COMPLEX C!1)+STOR,STG,ST»S
NDIMENSTON LR(58)
DO 20 I=1,LL
LR(TI)=1
CONTINUE
H41=0
DO 18 #M=1,LL
K=M
DO 2 I=M,LL
Kl=M1+1
K2=M1+K
IF{CARSICIKLIP)~-CABRSICI(K2))) 24246
K=1
CONTINUE
LS=LR (M)
LR{M)=LR(K)
LR(K)=LS
K2=M1+K
STOR=C(K2)
J1=0
DO 7 J=1l,LL
Kl=J1+K
K2=J1+M
STO=C(K1)
C{K1)=C(K?)
C(K2)=STO/STOR
Jl=J1+LL
CONTINUE
Ki=fMi+i
C(K1)=1./STOR
DO 11 I=1,LL
IF(I-M) 12,11,12
Ki=Ml+1
ST=C{K1)
C(K1}=0.
J1=0
bn 10 J=1,LL




18

10
11

18R

14

1

13

10

11

15

50

12
13
16
127

21

Ki=Jl+1]

K2 =] N

Cinl)=C{KY)~C(K2)} ST

Jl=sJdl+LL

COMT It

CONT INUF

M1=M1+LL

CO T INUE

J1=0

DO 9 Jd=1,LL

[F(J=LR(J)) 14,8,14

LRA=LR{J)

J2={LRJI-1)=LL

DY 13 I=1,LL

K2=J2+1

Kl=J1+1

S=C(K2)

CiK2)=C{K1)

C{K1)=S

COMT INUFE

LR{J})=LR(LRJ)

LR{LRJ)Y=LRY

ITF(J=LR{J)) 1l4,8,14

Jl=J1+LL

COMTINUF

K ETURN

END

COMPLEX U,U1.2(1444),Y(1444),VR(5548),E3(38):E(146),T3{1444)
DIMENSION AMD(38) +RH(41)4ZH(4L) s FI(14464) 4DH{40) s TH(T3) 9 X(1444)
DIRENSTOM SIG(146)+L(38) yAREA(4OQ0) SN{T73)4CS(73)+E9(73),E10(73)
DIMENSTON XP(23.YP(2)4,ES5(584),E6(584),5CL(2)
EQUIVALENCE (2(1),Y(1))

COMMON U,RS(401,25(40),SV(40),CV(40)+BKyNPyNN,T(80),TR(80)
CALL PLOTS{AREA,400)

READ(1410) NP,NTNS,yJIM,BK
FURMAT(413.E14.7)

READIL, 11)LAMD(T) =1 4JM)
FORMAT(5E14.7)
READ(L415)(RH(I),I=1,NP)}
READ(1,15)(2ZH(I),I=1,NP)
FORMAT(10F8,.4)
READ(1,50){L(T),I=1,JM)
FORMAT(2013)

WRITE(3,9)

FURMAT({'1 NP NT NS JM BK¢ )
WRITE(3,12) NP,NT,NS,JM,BK
FORMAT(1X,413,E14.7)
WRITE(3,13)(AMD(T),1=1,JM)
FORMAT{'OAMD' /(1X,5E14.7})
WREITE(3,16)(RH(T),1=1,NP)
FORMAT('ORHY/({1X,10F8.4))
WRITEI3,127¥{28(1),1=1,NP)
FORMAT('OZH'/(1X,10F8.4))
WRITE(3,51)(L(I),1=1,JM)
FORMBAT('OL'/(1X,2013))
P1=3,141593

FTA=376.730

H={G,,1.)
Cl=BK7HKEF)A/ (4. %=SORT(PI%x3) )
KL=1




et e ——— ¢

ke mwm = e

90

40

41

91

93

94

96

95

39

[F{(RR{L)~RH{NP)).NE,O, . OR. (ZH{1}=ZH(NP)).NE.O.) GO TO 90

KL=0
RH{NP+1)=RH(2)
ZHINP+1)=7H(2)
RH(NP+2)=RH(3)
ZH{NP+2}=71H(3)
NP=NP+2
NM2=NpP-3

NZ =NM2xNNM?

NZ 1=NM2%* JM
REVIND 6
READ(6)(Z(1),1=
READIGY(FI(1),1
NM=NM2 /2
NM&G=NM*4
NT2=NT%2
NT3=NT-NS
NT4=NS+1

DO 40 [=2,NP
12=]-1
RR1=RR(I)-RH({I2)

RR2=ZH(1)-ZH(1?)
DH{12)=SORT(RR1*RR1+RR2%RR2)
RS(IZ2)=5%#(RH(T)+RH(I2Z])
2S(12)=.5%(ZH{1)+ZH(12))
SY{12)=RR1/DH{I12)

CV(I2)=RR2/DH(12)

CONTINUE

00 41 J=1,NM

J2=2%(J-1)+1

J3=J2+1

Jéa=J3+1

JS5=J4+1

J6=4%(J-1)+1

J7=J6+1

J8=J7+1

J9=J8+1

DELL1=DH(J2)+DH{J3)

DEL2=DH(J4)}+DH(J5}
TJ6)=DH(32)*DH(.}2)/2./DEL1
T(J7Y=DH{J3I%(DH({J2)+DH(J3)/2.)/DEL1
T{JI8)=DH{J4 )= (DH(JI3)+DH{J4)/2.) /DEL2
T(J9)=DH{JS)=*DH(J5)/2./DEL2

CONT INUE

DO 91 J=1.NM4

TR{J)I=T (J)

CONTINUE

IF{KL.EN,0) GO TO 95
IF{RH(1))93,94,93

DEL1=DHI1)+DH(2)
TR{1)=DH(L)})%(1.+{DH{2)+DH(1}/2.)/DELL}
TR{2)=DH{2)*{1.+DH(2)/2./DEL])
1F{RH{NP))96,95,96

JI1=(NM=1)%443

J2=.J1+1 ]
DEL2=DH{NP=2)+DH (NP~1}
TR{J1)=DH(NP~2}%{1,+DH(NP-2)/2./DEL2)

1,N2)
=1,NZ1)

TR{JZ2)=DH{NP=1}%{1,+(DH{NP=2)+DH({NP~1)/2.)/DEL2)

DEL=PI/(NT-1)
DO 43 J=1,NT




48)

&H 3

81
80

20
19

A3
R?

TH{JY=(J=-11+DEL
SME) =STN(THLG))
CS{))Y=COS{TH(.1))
COMT TNGE

NN=1

CALL PLANE(VR,TH,NT)
DEL1=180./P}

DO 128 J=1,NT
TH(J)=TH{J)*DEL1
CONT TNUF
xpili-2.
Xp(2)=8,
YP(1)=5.
YP(2)=5,
il=.5%Y

DO 80 .J=1,NM
J1={J=1)=NM2+NM
Ja={ JANM=-1) =NM2
DO 81 I=1,NM
J2=J1+1

J3=Jé+|]
2042)=0122142)
20J3)==U1%2(J3}
J5=J2~NM
J5=J3+NM
2(J5)=.5%2{J5)
2{J6)=.5%21J46)
CONT INUF
COMTINUE

po 19 J=1,NM2
J2=(J=-1)*NM2

Do 20 I=1,J
J3=J2+1
Ja=(1~1)¥NMHZ+])
Ulz.5%(2(J3)+7(J4)])
X(J3)=AIMAG(UL}
X(J6)=X{(J3}

CONT INUE
CONTINUDE

CAIL LINEQINM2.Z)
Do 85 K5=1,2
J3=(2-K5) (NT-1}%*=NM4
N0 82 I=1,NM2
£E3({11=0.

DY 83 KK=1,NM2
J3=1+(KK=1)*NM2
Ja=J5+KK
E3{1)=E3(1)+Z (I3 )%VR{J4)
CONTIMUE

CONT INUE

52=9.

Do 103 Ké=1,2
JE5={Kha=11%NM2
JAz(KR6~1)=NT

DO 84 J=1.NT
J7=J+J8

11)1=0.

J=(J~] YNNG +IS
N as [a1,hM2
J2=J1+!
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41
Ul=UI+VR(J2)*E3(T)

88 CONT INUE
E(J7)=Clx11
S1=CABSTE(17))
SIGIJT)I=51%S1
IA{SIGIITY 6T .S2) SZ2=S1G6(.4T7)
84 CONTINUF
103 CONT INUE
WRITE(3,5)
5 FORMATU'OSCATTERED FIFLD AND SCATTERING CROSS SECTION/WAVELENGTH S
10UVARED!)
S1={2-K5)*180.
WRITE(3,124) S1
124 FORMAY(' BY MATRIX TNVERSIOM, INCIDEMCE FRIM 0=1',F4,0,'y 0=0")
2 WRITE(3,11%)
118 FORMAT (V43 ,36X,' =1 ,TX,3/1}
WRITE(3,39)
39 FORMAT('0 0 REAL(EN) IMAGCED} SO/ {LAM)X%2 RFEAL(FO)
LIMAGUEQ)  SO/(LAM)=%21Y)
WRITE{(3,117)

117 FORMAT( '+ =t 11X,y =ty 11Xy - =~ 18X, 1/, 11X, ¢/ /%)
DO 37 J=1,NT,NS
J1=J+NT

WRITE(3,38) THIJ)E(J)SIGLII,ELJ1),ST1GLLL)
38 FORMAT{IX Fh.1,6E172.49)
37 CONTINUE
119 21=10+ALOGLO(S2)
S3=.1%x(J1-101
$4=52%53
IF{S4-1.5) 110,110,111
110 SCL{K5)=2.%S3
GO 70 112

111 IF{S4-3.) 113,112,114
113 SCLIXS)=52

6N T0 112

114 [F(S4-6.) 115,115,116

115 SCL(K5)=,5%S63
G0 Y0 112

116 SCL(K5)=,2%5%

112 S5=1./SCL{KS)
WRITE(3,109) S5

1INS FORMAT{YOONE INCH CORRESPONDS TO SIGMA/(LAMRDA)%%2=1,.£11.4)
DO iNA Kb6=1,2
Ji={Kh~-1)"NT
J3=NT22( (K5~1)%2+K6-1)
DO 107 J=1,NT
JT=J1+J
JR=J+J3
JO9=J3+MNT2~J+1
$2=SIG(J7):=5CL(KD)
S1=SH(J)%:S52
ES(JR)}=5,+51
£5{451=5.-51
E6148)=5,+(S{J)*S52
E6{J9)=FA{.18)

107 CONTTNUE

104 COMTINUE

R5 CONTINUE
DU 48 J=1.JM
J1=0J=1)%=NM2
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TE
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4HR

23

2?

21

21

3?2

52

31
30

46
4%

iny 1R ]:],MM
REERE B

NEERREDK

Ja-2r 1w}

FLOAZ2 Y= 1 CO2)RH(L)4G)
O3 =R [0 13 ) RH{14)
CONTINUE

ConT TN

D21 J=1,00
Ji=0g~1) ‘N2

S1=0,

Doy 22 1=1,N82

Sz=0,

Jaz={ 1= )%NM2

DU 23 K=1,NM2
d3=J1+K

J2=J4+K
§2=S2+X(J2)=FI (.13}
CONTIMUE

Jo=Jdl+]
Si=S1+82:F1(47)

CONT [hUF
F31J)=1./S1/7(U+1./7AMD(J))
DOCZT7 1=1,NM2
J2=J1+1

T3(Jd2¥=F1 (a2)%E3 ()
COMTINUYF

CONT IMUF

Ay 32 Jd=1,M7

Y{J)=0,

COMTINUE

DO 29 K=1,.01
J3=(L(K)-1)%NM2

DO 30 J=1,M2
Jl=(J=1 VMM

J5=J3+J

Do 31 I=1,J

J2=J1+1

Ja=J3+1]
Y{J2)Y=Y{a2)+F1(J35)*T3(uy4)
Joz{l-1)%NM2+)
Y{a6)=Y(J2)

CONTINUE

CONT INUE

na 65 Ka=1,2
JA=(2~K4) #{NT-1) =Ni4
e 4% I=1,NM2
F3(1)=0.

N 46 KK=1,NM2
J3=T+{KK=1)"NM2
J4=J3+4KK
E3LII=B3{ eV {J3YYVRIJG)
CONTINUE

COomMT INUE

DO b6 KhH=1,2

K3={ {K4=-1)"2+K5=-1)"NT2
JT7={K5--1 ) %=NT
K2={2-K5):1a
J5=(Ks=1]) sNM2

P 44 A=) .MT NS
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47

44

86

89

66
68

7

78

122 FORMAT('0',I3,* MODE SCATTERED FIELD AND SCATTERING CRUSS SECTION/

129

120

126

29

/%

//GO,FTO6F00L DD DSNAME=EEQ034.KEV1.DISP=0LD,UNIT=2314,

/7

Ui=0,

J1=0{J=1)*xNM4+J5

DO 47 I=1,NM?

J2=J1+1

Ul=UL+VR{J?)*F3(1])

CONTINUE

JB=JT+d

E{J8)=ClxUi

S$2=CABS{ELJS8))

S16(J8)=52%S2

$2=S1G(J8)=SCL(K4)
EG(J)=5.+4SN(J)*S2
Ei101{0I=5,+C5{071%52

CONT INUE

Bl 86 J=1,NT,NS

CALL SYMROL(EY(J)¢E10() . 074K2,0,,~1)
CUNTINUE

DO 89 J=NT4,NT3,NS

J1=NT=-J+1

S$1=10.-E9(J1)

CALL SYMBOL{S1,F10(J1),.074K2,04,~1}
CONT INUE

CALL LIMNE(ES(K3),E6{K3)NT2,1,0,0)
CONT INUE

CALL LINE(XPsYP+2451,0,0)

DO 77 J=1,7

S1=9-J

CALL SYMBOL(S1+5.+.14,13,0.y-1)
CONTINUE

CALL LINE(YP,XP,2,1,0,0)

DO 78 J=1,7

51=9~J

CALL SYMBOL(54+S1+.144,13,90.9~1)
CONTINUE

CALL PLOT(7.4044-3)

WRITE(3,122) K

1WAVELENGTH SQUAREN?)

S1={2-K41#%180.

WRITE(3,129) S}

FORMAT(' INCIDENCE FRQOM 0=',F4,0,¢, 0=01!)
WRITE(3,120)

FORMAT( 41 415X, '=1,7X,1/1}

WRITE(3,39)

WRITE(3.117)

DO 126 4=1,NT4NS

J1=J+NT

WRITE(3.38) TH(J),E(J),SIG{J}E(JL)WSIG(JL)
CONTINUE

CONT INUE

CONTINUE

CALL PLOT(H.40.4-3)

STQOP

END

VOLUME=SER=5U0004 ,DCB=(RECFM=V,BLKSI7E=18004LRECL=1795h}

//G0.SYSIN DD *
21 73 4 3 0.3141593E+00
0.2559665E+01-0.87856R4E~02~0,2644527E+02

0.0000
5.0000
10.0000
0.0000
0.0000
€ .0000

/%

2

1 3

X

43

0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 33,5000 4.0000 4.5000
5.500C 6,000G 6.50086 7.0000 7.5000 8,0000 8,5000 9.0000 9,500C

0.0000 0.06000 0.0000 ©,0000 0.0000 G.0000 O0.0000 0.0000 0.0000
0.0000 0.0000 0,000 0.0000 0.0000 0.0000 0.0090 0.0000 C.0000
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Ooutput ot Progras 5

NP NT NS UM AKX

21 13 4 3 Ye3lalbhIds: o

AML

0.2999665L 11-0.8785644E=032~= ). 26445218 02

RH
c.0 Ge53L2  1.N0)9  1,5%0)r 2,00 2,540 3,00C.  3.,5%L03 4,00790  4.5)C¢
5.0000  5,95906 6.0 6,501 T.2000 7,530 8.0007 8.5C0C 9,240 9,5Q00r
10, Cwn

IH
OOC c 0.0 I').‘) 0.1\ .0 Jet n." 0-0 O.C
0.0 G g.Q V. g 0.0 2.0 Jd.° 2.0 CeZ
Q.¢

L
2 1 3

SCATTERED *IELD AND SCATTERING CRISS SELTION/AAVELENGTH STUARED

TR o

BY MATRIX INVERSIUN, INCIUENCE tRIM 62130, €=3
o REAL(Ew) T1ALUER)  >87LLAM) xx?2 REAL{E&) TMAGLFA)  SH/(LAM) %2
D VNG D PR S | «23CLE 00 Le9193F Ul H.,3924F 01 ~0.2331F £ N,9198E "1
15,0 =5.2203¢ 0L ).229)E 20 0.84780 Il J.2897F €1 -2.1925F €I 1,3426F {1
20 =0.28T0F 31 9.2243E 00 (.6055k "1 U.2550k 01 -0.9186E-(1 9J.651CF C1
3267 ~0.4106E 1 we2132E 30 0.4483F 0l 0.20T1lE 01 2J.413d4F-ClL 0.4289E Ct
4uevd —ColEIGE I D.1929E Ju w.lollE 91 O0L1561F 01 J.1736C LA 0,2468E CI
SC.) =0.1143E I D.lodbE M GL.1327E 91 G.1L0650 01 J.2812E L 2.1371€ (1
61,9 =0.723LE T, JJL212E 0) 0.4%833% 9T 0.T7484E 0C J2.3552F 09 D.6863( C9
Tre€ =0.4479E C7 )eB8633E-)1 T 2081F )0 C.5029E OU 0.3988F CQ D 4leCE &7
8ued =0.2769E €7 2.4351E-21 0.4469E-71 0.3627E 0C  C.42°00E8 €Y J.3079F (L
9T e¢ =Ce3017E~36 I 7842F-31 C.1377c-12 CGC.3LT5F QC 2.4261E 335 N.2824F CO°
100,20 CG.2069E 22 -0.4351E-31 C.44690-01 0.3627E DU 2.427GE €35 2.37790 €
11,0 0.44798 () -0.8638E-01 C.2C81F 92 C€.5029c 0OC 02.3988F L) J.412°FE .
12C.C 0.7531F 62 =92,12728 00 0.5533€ A6 C.7484c 20 J3.35%52F CGu D.05H3E 75
137,/ G 1149E J1 -3.16306E 30 0.1327F 21 G.1IC5F 01 J.2Pf12E C) O0.1391F (1
140e0 0Qo1604F 21 =2.1929E J0  0.2611F 01 O.1561E 01 J.1736E CC ).7468E (1
156.2 C.2196E D1 =-).2137E 0 ¢€.4480c Ol C.2071k Ol DJ.413BE-CLl J.4289¢ (1
160.0 UVL.2570E 31 =7.2¢43F D0 2.6655% 21 (. 25%0E <1 -J.91466-C1 C.651LE (1
170.0 G.2903F 0l -0.2290F 00 G.8478E Il C.289T7F Ol ~2.1G25F (2 D.8426F (1
18).0 C.3u24t o1 ~3.2320E %) C.9198€ 1 0,3024E D1 -0.2371F C> 19,9198k 71
ONE IMNCH CORAESP INDS T3 SIGMA/{LAABDA)*%2= ) >0 0F 1
SCATY™ 9 FIELD AND SCATTERING ZR)SS SECTINN/WAVELENGTH SQUARLD
8y ¥ (X INVERSIAN, INCIUVENCE rR M B=  D.y ¢=0
f REAL{E®) IMAGIES)  >B/(LAM) x¥? RFAL(EL) IMAG{EL) S3/1LAM)*%2
0.0 0.3)24E 31 =7.2301€E 00 0.,9198E 91 -0.3024c 01 2.23%71E 02 D.9198F Cl
1.9 00,2903 )1 =).2290E 90 (.B8478E 01 -3.2897F Ol 23,1925t €, .%429F C1
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VII. GAIN PATTERNS

Program #6 which calculates and plots the gain pattern for radiation

from axially symmetric excitation on a surface of revolution accepts punched

card data according to

READ(1,10) NP, NT, NS, JM, NC, NV, BK, SCL
10 FORMAT (613, 2E14.7)

READ(1,11) (AMD(1), I = 1, JM)
11 FORMAT (5E14.7)

READ(1,15) (RH(I), I = 1, NP)
READ(1,15) (ZH(I), I = 1, NP)

15 FORMAT (10F8.4)

READ(1,50) (L(I},I = 1, NC)
50 FORMAT (2013)

READ(1,57) (V(I), I = 1, NV)
57 FORMAT (7E11.4)

READ(1,50) (LV(I), I = 1, NV)

The variables NP, NT, NS, JM, BK, AMD, RH, ZH, and L are the same as in
program #5 except that L now applies only to the 3t directed eigencurrents.
The output of program #2 characterizes each eigencurrent by NM2 numbers.

For the axial.y symmetric mode, either the first NM2/2 numbers (correspond-
ing te J ) or the last NM2/2 numbers (corresponding to J ) are supposed to
be zero. Thus L(I) indicates that the L(I)th eigencurrent (only u directed
eigencurrents being considered) to come out of program #2 will be the Ith
current to be added to the modal expansion. There are NV < NM axially
symmetric slots on tbe body of revolution. The voltage across the 1th siot
is V(I). Note that V(I) is complex. The I™M glot is located at the
(2*LV(1)+1)th data point (p = RH, z = ZH) on the generating curve C. Accord-
ingly, the Ith slot occurs at the peak of the LV(I)th triangle funection
dev(L)' The function fi appears im (2-42)of [1]. For the plots, one inch
corresponds to a gain of 1./SCL.
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The impedance matrix and eigencurrents are read from the third and

fourth records of direct access data set 6 according to

REWIND %

READ (6)

READ (6)

READ (6) (z(1), I = 1, N2)
READ (6) (FL(I), I = 1, Nzl)

Only haif of the impedance matrix is read because only [th] of (2-46) of [1]
is needed. Program #1 has stored the impedance matrix on the third record of

data set 6 columwise in the block diagonal form given by

tt
(2551 (o]

!ZO] = (22)

$d
1 [zt

The subroutine PLANE is similar to the one compiled with program #5.
At present, only ﬁgeof (5) is needed because a slot voltage, corresponding
to a Kt directed axially symmetric aperture electric field, induces only a u

t
directed electric current which radiates only a Uy directed far field.

DO lcop 60 suppresses the lower left zero submatrix on the right hand
side of (22). The net result of DO loops 71 and 73 is to arrange the
eigencurrents (FI) and their eigenvalues (AMD) in the order dictated by L
and to suppress .latervening zeros from FI. DO loop 62 obtains the matrix
[X]) appearing in (2-15) of [1] by taking the imaginary part of the average of
corresponding off diagonal elements of the impedance matrix. Statement 79
inverts the impedance matrix to obtain the admittance matrix. DO lcop 82
obtains the column matrix [Ig] associated with the electric current by pre-
multiplying the excitation column matrix by the admittance matrix. The
elements of the excitation column matrix of (27) of [3] are actually 27 times
the slot voltages, but the factor 27 is inconsequential as far as that gain
is concerned. DO loop 82 stores [Ii] in E3. DO loops 84 and 97 compute the
radiation field Egv REC[IT] and gain G, and store them in E and G. The radi-

8 A
ation field and gain are normalized so that
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G sin v do = 2 (23)

L2
lh”l =G,

The phase factor —je—Jkr is suppressed from E DO loop 99 prepares hori-

0
zontal and vertical components E5 and E6 suitable for plotting the gain.

DU loop 48 multiplies the eigencurrents by p to retrieve the column matrix
[lzl associated with each eigencurrent. The index J of DO loop 48 indicates
3 th 1

[I10XILI] G + 1/X)

the eigencurrent. DO loop 21 stores the matrix [I]

appearing in (20) in T3.

The index K of DO loop 29 indicates that inner DO loop 31 will add the
contribution from the KD eigencurrent to the admittance matrix (20). DO
loop 44 premultiplies llz] stored in E3 by ﬁge stored in VR to cbtain the
radiation field and the gain. The radiation field Ee and gain Ge, normalized
according to (23), are stored in E and G. In order not to mask a possible
discrepancy in the amplitude of the approximate pattern obtained by super-
imposing a few eigenfields, the present normalization uses the value of the
pattern integral (23) previously computed from the admittance matrix obtained

by inverting the impedance matrix.
Minimum allocations are given by

COMPLEX Z(NM2%NM), Y(NM2*NM), VR(NT*NM), E3(NM),
TI3(NM*NM), E(NT), V(NV)
DIMENSION AMD(JM), RH(NP), ZH(NP), FI(NM2*JM),
DH(NP-1), TH(NT), T2(NM*NM), X(NM*NM),
G(NT), L(NC), LV(NV), SN(NT), CS(NT), GX(NT),
GY(NT), E5(NT*2), E6(NT#2)
COMMON RS (NP-1), ZS(NP-1), SV(NP-1), CV(NP-1), T(NM*4)
DIMENSION BJ(3*(NP-1))
DIMENGION LR(NM)
where
N2 = NP - 13
SM o= NM2/2
Here, NP is its value after execution of statement 90 jn the main program.

Nete thot BJ appears in PLANE and LR in LINEQ.
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Listing of Program #6

/7

(0034EE,3,2,46),"MAUTZJOE' yMSGLEVEL=1

// EXEC FORTGCLG,PARM.FURT='MAP!
//FORT.SYSIN DD =

153

304

303

309
307

SURROUT INE PLANE (VVR,THR{NT)
COMPLEX VVR{1l),A%,A56,U
COMMON U,R5(40),25{40),5V(40)CV(40),BKyNP,T(RO}
DIMENSION RJ{126),THR(1),FK(20)
NN=0

KG=NP-]

NM=KG/?7 -1

M2=NN+?2

A5=2 ,%3 ,14159 332 (NN+1)
FK(1)=1,

N 153 J=1.M2

Jl=J+1

FKOJL)=FK{J) %4

CONT IMUE

DO 156 L=1,NT
Li=(L-1)%NM
CS=COS(THR{L))
SM=SIN(THR{L)}

BCS=BK*CS

DO 302 J=1,K6

X=RS (J)%*BK%SN

Ji=J

I1=NN

IF(I1) 303,304,303
[1=11+1

J1=J1+KG

DY 3085 JdJd=11,M?
IF(X"']..E—S) 1919?
IF{JJ=1) 3+3,4

BRJ(Jll=1.,

GO TO 306

8J(J1) =0,

GO TO 306

RH=X/2.

RH2=RH*RH
RH3=RH*xx{JI-1)
RJILJ1)=RH3/FK(JJ)
$SS=RJ(J1)

SST=S8S8%1.F~7

DO 155 K=1,20
§S==SSHRH2 /K/ (K+13Jj-1)
RJI(J1)=BJ(J1) +SS
IF(ABS{SS)=-SST) 306,306,155

5 CONTINUE

STOP 155
J1=J1+KG
CONT INUE
CONTINUE
IF(NN) 307,308,307

Y UG 309 J=1,4K6

J1=J+2%KG
BJ(J)=-8J0J1)
CONT INUE

PO 300 J=l,Nn
Jl=J+L1
VVR(J1)=0.

D0 301 I=1,4

5l




T

301
30
154

20

Ny

10
11

1%

11=2v(0Jd=11+1
Tazan{j=1}+1

12=11+KG

149=z172+x6

AR {CHINEZSTT LY RCSI+URSIN(ZS(TL)=BCS) ) =AS
BI2={BI(]s1~-nnS01 1), 5
VVRIIL)=VVR I +A6%{CSESVITL I EBI2+SNECV(TI ) XBS(T2)%U)*T(I4)
CORT e

CUNT e

CONT TNUE

Re-THR$

i

SURRGUTINE LINE(LL,C)
COMPLEX C(1)STOR,STO,ST,S
OIFEMSTON LR(ERR)

My 20 I=1,LL

LR(l}=1

COMT INUE

mM)=OH

D18 M=1,LL

K=™

2 I=M,LL

Kl=M)+1]

K2=M1+K
IF{CARS({CIKI})=CABS(C(K2))}) 247246
K=1

COYTINUE

LS=LR (M)

LR{M)=LR(K)

LR(K)=LS

K2=M1+K

STOR=( (K2}

J1=0

Ny 7 J=1,LL

Kl=Jl+K

K2=J14+M

STO=C(K1)

C(K1)=C(K?)
C(K2)=STQ/STGR
Ji=Jdl+LL

COMTINUE

Kisi1+M

C{K1l)=1./STHR

DO 11 I=1,LL

IFII-M) 12.11,12
Kl=Ml+]

ST=C(K1)

C(K1)=0,

Ji=0

nn 10 g=1,yLL

Kl=Jl+1

n72=J1+M
CIKL)=C(K1)-C{K2)%ST
Ji=J1+LL

CUMT [NUE

CONT INUF

LWp=M1+LL

CONT INIIE

Jdi=0

N 9 J=1,LL
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14

71

10

11

15
50

57

©37

3R

39

53
TF{J=LR{J)) 14,P.14
LRJI=LEL{D)
J2=(LRJ=-114L1L
N 13 I=1,LL
K2=J2+1
Kl=Jd1+1
S=C{K?)
ClK2)=C(Kl}
ClKl)=%
CLONT [MUE
LRig)=LR{LRY)
LRILPJ)=LR.)
IF(J-LR{J)}) 1&.,2,14
Ji=Jdl+bt
CONT THUE
RETURN
EN)
COMPLEX UyU142(722),¥(1644) ,VR(1387),E3(19},T3(361),6(73),V(19)
DINENSTIN AMD(38),RH{415,ZH(41),FT(1644),DH{40),TH(T73),T2(361)
DIMENSTON X{361),6(73) L{19),LY(19),AREA(400) 4SN(T73),CS(73)
DIMEMSTON GX{T3)6GY(T3)4XO(2) . YP{2),E5(146)4ERL{146)
EFOUIVALENCE(TZ(1),XT1)).(24Y),Y{1))
CAMMON UyRS(40),75(40),SV(40) CV(40),BKNP,T(HD)
CALL PULNTS(AREA,400)
READ(1410) NPyNT IS I, NC,NV,BK,5CL
FIARMAT(613,2E14.7)
READ(1I,11)(AMD(]),1=1,0M)
FORMAT(5EL14.T)
READ(Ly15)(RHIT},1=1,01P)
READLY415)(ZH{1) . I=) 8P
FORMATI1OF8.4)
READ(L,50)(L{T)I=1,NC}
FORMAT(2013)
READ(L,STI(VIT)»I=1,MV)
FORMAT(7EL1l1.4)
READ(L,50)(LVIT).I=1,NV)
WRITE(3,37)
FORMAT(*0 NP NT MNS JM NC NV?!,AX,1BK?,12X,'SCL?Y)
NRITE(3,38) vaNTQNS\.JM'NC,HVyBK'SCL
FORMAT(IXy613,2E14.7)

WRITEI3,51LAMN(IT ) 1=1,JM)

FGRMAT(YOANDY /{IX.5F146,7))
PRITE(3,39)(RH(TY,]=1,NP;
SORMAETIYORHY/{1X.10FAR &)}
WRITEI3.93{ZH(1),I=]1¢NP)
FORMAT(IOZHY/(1X,10FR,4))
WRITE(3,831L(T),1=1,NC)
FORMAT(SOL/(1X,20]13))
KRITF(2,7H(VIT),yi=14NV}
FORMAT(*OMI /I1XTE1L,4))
WRITE(R,AVOLYV(TY. TI=1.NV)
FORMAT{'OLV?/(1X.2013))
PI=3,141593

U=(0.1lo) -
TF{IRH{T)=RH(NP) ) . ME.C..JRLIZH(FI~ZHINP} ). ME,0) G TO 90
RH(NP+1)=RH{2) i
ZHINP+1)=7K(2)

RE(NP+2)=RH(3)

_ ZH{NP+2)=2r{3)

NP=NP+2
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PRI DO RS

Ha

T TR\ TR Ty

wMZ2z=NP-3
pMM=NM2 /2
N =NM2¥0iM
N7 1=NM2x I
RFEWIND &
READ{6)
READ(6)
READ(G)(Z (1
READ(AI(FIL
NT2=NT%?
NT3=mT-NS
MNT4=NS+1
DO 40 I=2,MP

12=1-1

RRI=RH{I)=-RH(I?)

RR2=ZH{(1)=7H(12)
DH{12)}=SORT{RR1*RR] +RAN2%RR2)
RS({]2)=.5%(RH{]}+RR!12))
2S0i2)Y=.5=(ZH(1)}+2H{12})
SV{I2)=RRY1/DH({I12}

CVII2)=RR2/04(12)

CONT IMUF

DY 41 J=1.MM

J2=2%(J-1)+1

J3=42+1

Ja4=J03+1

J5=J4+1

Jo=ax{J~1)+1

JT1=46+1

J&=JT+1

J9=]8+1

DEL1=DH(J2)+DH(J3)

DEL2=0HL.J4 }+DH(J5)
T(JI6)=DH{321*DH(.12)/2./DELL
TOIT)I=DH{J3)=(DR(J2)+DH({JI3)/2.)/DELY
T(J8)=DH{ J&)={DHTJ5)+DH{J4)/2.) /DEL2
T(J9)=0H{J51*DA{35)/2,/DEL2
CONTINLIE

DEL=PI/(NT=-1}

D) 43 J=1,NT

Th(J)=1J-1}=DEL
SNUJI=SCLAESINITH{J})
CS{J)=SCL*=CasS(TH (1)) -
CONTINUE

CALL PLANE{VR,TH,NT)

XP{li=2.

XP(2)=R,

YP{1}=5.

YPi2)=5.

DEL1=180./P1 -

P 64 J=1,NT

THUJ)Y=TH{.D=DEL]

COITIRUE

J1=0

no 60 =1 ,MM

2= (J=1)1=NM2

Do 61 1I=1,NMM

Jl=Jdl+1

J3=J2+1

2(J1)=2¢(.43})

NZ )

I=1,
=1,M21}

Y
)1
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60

71

14

73

632
62
13

65
82

RA

&4

97

&6

COMTINUE

COMT INUF

Ji=0

DO 71 J=1,NC

2 L) =1 )2
DO 72 I=1,NM
Jl=J1+1

J3=J2+1]
12(J01)=F11J33)
CORT INUF

Jz=L(J)
ES(J)=ANMD(12)
CONTIMUE

J1:0

[ 3 J=1,NC

DO 74 T=]1,HM
Jl=Jl+l
Fi(Jl)=T2(41)
CONTINUE
AMDLDY=ES L)
CONMT INUE

DO 62 J=1,Ni
J2=(J~1) WM

DD 63 I1=1,.J
J1=J2+]
J3=(1~1)=NM¢J
XtJd1)2,5%ATMAG(Z(J1)+72(J3))
X{J3)=x{J1)
COURTINUE

CONT IMUE

CALL LINEO{NM.Z)
NN 82 i=1,NM
E3(1)=n,

DN 65 K=1,NV
Kl=1+{LV{K)~1}%NM
E3(1)=E2(])+7 (K1) %V(K)
CONT INUE

CONT INUE

S2=0.

J2=0

DN 84 J=1,NT
U1=0.

DO 88 [=1,NM
J2=J2+1
Ul=U1+VR{JZ)=E3(1)
COMT INUF

E(Ji=U1

S1=CABS UL}
GlJ)=51%81
52=S2+6G{JI=SN(J)
CONRTINUE
§$5=2.%SCL7S2/DFL
S6=8SORT(SS51)

DO 97 J=1,NT
E{J)=E(L)%*SH
G(JI)=6(J) %S5
CONTINUE
WRITE(3,66)

FORMAT ("ORADIATION FIELD AND GAIM RY MATRIX INVERSION')

WRITEL3,67)
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56

67

6R

70
69

99

18
48

23

22

21

32

75
31

FUOIRMAT ('O 0 REAL(EG} IMAG(EQ)
WRITE(?,6R)
FURMAT ('’ + =~V LIXy =t 11Xy T =2, 10Xy 1 0)

DN 69 d=1+1T ¢NS
HWRITE(3,70) TH{J)ELI)46G(J)
COMTINUE

DO 99 J=1,NT
S1=SN(J)=G(J}
J9=NT2-J+1
E5(J)=5,+S81
ES(J9)=H.-S1
E6{J)=5.+CS(J)%GLJ)
E6(J9)=E6(J)
CONTIRUE

J1=0

DO 48 J=1,NC

00 18 I=1,NM
J1=J1+1

Ja=2%1+1
FI(J1)=FILJ))*RH(J4)
CONT INUE

CONTINUE

00 21 J=1,NC
Jl={J-1)=MM

$1=0.

DO 22 (=1.NM

S2=0.

Jo={I-1)%NM

D0 23 K=1.NM
J2=J4+K

J3=J1+K
S2=S2+X(J2)*F1(J3)
CONT INUE

J3=Jd1+1
51=S1+S2*F](J3)
CONTINUE
Ul=1./S1/(U+1./7AMD(J) ]
DD 27 1=1,MHM
J2=J1+]
T3(J2)=F1(J2)=U1
CONTINUE

CONTINUE

NZ 2 =NM*NM

D0 32 J=1,NZ2
Y{J)=0.

CONTINUE

DO 29 K=1,NC
J3={K=-113>NM

J1=0

D} 31 I=1,Nii
J4zJ3+1

£3(1)=0.

NO 75 J=1.NV
Jz=J43+LviJ)

Jl=J1+1

YL =Y (JQ1)+T3{J4)=FI1(J2)
FI(T)=E3LT)+Y{J113V)
CriNT TNUE

CAONT INUE

GAINO?')
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DO 44 J=1,MT,NS
Ui=0.
Jl=(J=-])*NM

DO 47 I=1,NM
J2=d1+1

Ul=U1+VRIIZ2IXES(])

CONTINUE
E{J}=U1=Sh
S1=CABS(E(J))
6{J)=S1%S1

GX(J}=5.+SM(J)=G{J)
GY(Ji=5:+4C5(J)=6())

CONTINUE
WRITE(3,76) K

FORMAT('0D', 13, MODE RADIATION FTELD AND GAIN';

WRITE(3,67)
WRITE{(3,68)
NN 80 J=14NT,NS

HRITE(3,70) TH(J},E(J)},G(J)

| ANl

B0 CONTINUE

CALL LIME(XP,YP,2,1.0,0)

D0 77 J=147

S1=9~J

CALL SYMHOL(S!'S-’ol“,lBQOOj_l)

77 CONTINUE

CALL LINE(YP4XP,2,140,0)

DO 78 J=1,1

S1=9-Y

CALL SYMBUL(S..SI..IQ.IB'QO.,-1)

78 CONTINUE

CALL LINE(ES,E6,NT7,1,0,0)
DN 86 J=1,MT,NS
CALL SYMBGL(GX{J)+GY{J)se0744,0.4-1)

86 CONTINUE

DO 89 J=NT4,NT3,NS

J1=NT-J+1

S1=10.-GX{J1)
CALL SYMBOL(S1,6Y{J1)ye07+4,044-'1)

RQ CONTINUE

CALL PLOT(7.4+0.4-3)

29 CONTINUE

CALL PLOT(644044-31)

STOP
END
/%

//60.FTO6F001 0D DSNAME=EE0N034.REVL,DISP=0LD,UNIT=2314,

17/
//7G0.3YSIN DD =
21 73 4 5 3

1 0.3141593E+00 0.50850090E+00 .
0.3359053E+02 0.626479RE+00~0.1842634E+01~-0.1062163E+04~0,1210105E+95

1.0000 1.5000
6.0000 6.5000

0.0000 0.0000
0.0000 0.0000

0.0000 0.5000
5.0000 5.5000
10.0000
0.0000 0.0600
0.0000 0.0000
1.0000
3 4 5
0.1G00E+01 0.00GOE+00
5
/-

2.0000 2.,5000
7.0000 7.5000

0.06000 0.0000
G.0000 0.0000

3.0000
8.0006

3.5006
£.5000

¢.0000
0.0000

0.0000
0.0C00

X

YOLUME=SER=SUD004,DCB=(RECFM=V,BLKSIZE=18004LRECL=1796)

440000
3.0000

0.0030
0.0000

57

4.75000
1.5000

0.0000
0,0000
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f
Uev
1540
23.U
30.¢
40 .0
5T LG
6.5
7.0
8.9
9l
lc.; L
Lo
123.0
3.0
4.0
151' o N
16).L
17V.3
1800

REAL( E4)
0.0
~C.57028 n)
~0.1024E J1}
-0.12592¢ 3L
~C.1249E D1
-N.11a5t 51
-0.8324t @)
~C.6051E 0O
-3.3020L 2
—=0e5422F-00
G.3320F U9
C.H051E O
0.8974E 32
C.1l45E 01
ue17289F 01
Ge 1255 U1
Go1024E D1
¢.0

? MADE RADIATINN

-

NF3s
IJQIJ
2C. 0
3:: o
4%44
5.0
6ua.l:
TY.6
82,17
9C e
10(‘»0(‘
11l.v
120 .4
136.6
148.0
150.C
160.0
17C .9
183.0

ReAL(te)
C.C
-C.5422E 0
-0.9735%E 99
~Cel222E I}
-C 1873 0L
-$.1157¢ 2%
={ «9296E (U
- 64028 0)
-0.3243E v
~(.5852E-05
Ce32438 N
C.64U28 )
0,929k )
c.t157¢ 21
C.1273E 21
N, 12228 )1
C.9735E I
0.5422 20
GC.0

3 MOUE RADIATIIN

e

£.0
1.0
22.0

©3C.¢C

43.0C
Dile L,
62.0
Tuel
gt. n
90.0
10G. 5
1oy
120, 7
135 %
140.¢
1205
164, ¢
170. &
187.C

REAL(ES)
c.e
-C.54lek I
-0.9726E (U
-C.1221E a1
~0.1272E 71
~1.1153 Ot
~G.930LE 99
~G.6407E 29
~D. 3245t W
=G.5457E-NA
0.3245E €O
.64J7t GO
Te933LE QJ
0.1153€ )1
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